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Although M ontana does not presently have a brick manufacturer, the viability o f an in-state brick-making 
industry would be governed by demand, a quality resource, and manufacturing and marketing factors that 
w ould lead to a profit. If the market to support a local brick industry exists or develops, does M ontana 
have a viable source o f brick-clay? To explore for a suitable brick-clay deposit, I developed minéralogie 
and chemical specifications from trends identified in clay resource data from reports by the M ontana 
Bureau o f Mines and Geology. These specifications were then applied to the same database to identify 
useful brick-clay resources in Montana. The Blossburg Pit, near Helena, Montana, was chosen for further 
characterization and economic assessment. The site is a heterogeneous, fluvial clay, sand, and gravel 
deposit. M inéralogie results from this study differ from the data presented in the MB MG reports and 
suggest that the MBMG data do not adequately characterize the Blossburg resource. If the minéralogie 
specifications had been applied to the data presented in this report, the Blossburg Pit would not have passed 
the screening criteria. This suggests limitations o f  the database in the exploration for a brick-clay resource. 
Further evaluation substantiated the resource’s less than ideal characteristics, although the deposit could be 
adequate for the production o f brick with modifications in the material and/or process. Application o f the 
minéralogie and chemical criteria for the careful selection o f a brick-clay resource can raise production 
efficiency and minimize expenses. Although limited, utilization o f the MBMG database can make 
exploration for industrial mineral resources more efficient.
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L  INTRODUCTION
At the beginning o f the twentieth century, almost every town in Montana had a brewery and a brickyard. 
Although local breweries made a comeback in the 1990’s, the last brick-maker in Montana did not survive 
beyond the 1980’s (Polk Directory, 1990). Yet, even with no in-state manufacturer and freight adding up 
to 23%  in costs, the number o f bricks used in M ontana continues to grow (Bodmer, 2000). Although 
M ontana’s demand for brick is presently satisfied by the supply from neighboring states and Canada, 
increasing population and changing social, economic, and environmental factors may present an 
opportunity for a local manufacturer in the near future. I f  the market to support a  local brick industry exists 
or develops, does M ontana have a viable source o f  brick-clay?
W hile a complex array o f economic and social factors govern the viability o f  an in-state brick-making 
industry, the essential elements include a suitable demand, a quality resource, and manufacturing and 
m arketing factors that would lead to a profit. My research pertains to brick clay resources and is divided 
into three main sections: 1) exploration and site identification o f a brick-clay deposit in Montana, 2) 
description o f  geology and site characterization, and 3) site evaluation and material testing. In addition, I 
describe the history o f M ontana’s brick industry and briefly comment on the present demand for bricks in 
the State.
1.1 HISTORY
In 1908, M ontana had more than thirty operating brick factories (Rowe, 1908). Although M ontana’s 
early  bricks were probably produced in hand molds, dry-pressed bricks (granular clay mixes formed under 
high pressure) were dominant by the end o f  the 19* century (Rowe, 1908). Production facilities were 
typically located at the clay deposits and within a few miles o f major population centers where bricks were 
used. Horses were used to mine the clay, as well as to transport carts loaded with the brick to building 
sites.
By the early 1930’s, significant changes in transportation and mining technology had opened 
com petition between previously isolated markets. Competition, mergers and advances in transportation 
reduced the num ber o f brick producing facilities to eight (see Warde, 1933, pages 60-80 for description o f 
each factory). Higher quality brick and/or lower production costs allowed distant manufacturers to drive 
som e local brick plants out o f business. Even with the advent o f  gasoline-powered trucks in the 1920’s, 
horses were still used to mine clay and transport bricks short distances, while the railroad served to 
transport bricks to distant markets in the State.
Mergers, acquisitions and closings o f brick plants continued in Montana throughout the 20**’ century. 
This concentration mimicked national trends (Brick Industry Association, 2000). In 1953, five plants in 
Fergus, Yellowstone, Powell, Cascade and Hill Counties were still producing bricks (Baber et al., 1953). 
With the arrival o f  the tunnel kiln to Montana in the early 1950’s, increased production capacity gave a 
competitive advantage to the three factories that installed the technology. The Cascade and Hill factories 
ceased operation between 1953 and 1957.
Although the tunnel kiln yielded advantages in production volume, the Western Clay Manufacturing 
Com pany (W CM C) o f Powell County experienced serious difficulties controlling the quality o f their bricks 
after changing to that production process. Dick Rogers, who helped his father mine clay for WCMC near 
Helena from approximately 1946 to 1957, reported that the installation o f the tunnel kiln coincided with an 
increase o f deformed fired products (personal communication, 2000). W hether the new process or limiting 
drying time was to blame is not known, although Rogers believed it to be a result o f  the latter. Missed 
delivery deadlines and poor product quality eventually prompted the sale o f the facility in 1960 to the 
neighboring competitor IXL o f Alberta, Canada, who immediately closed the plant (Quivik, 1985).
From 1961 to 1977, only Lewiston Clay, Inc. o f Fergus County and Lovell Clay Products Company o f 
Yellowstone County produced brick in Montana (United States Dept, o f  Interior, Bureau o f Mines, Mineral 
Yearbooks, 1961-1977). The Lovell Clay Products Company was actually located in Lovell, Wyoming but 
m oved its operation to Billings, Montana in 1946 (Richardson, personal communication, 2001). 
Consolidation o f  brick-manufacturing companies continued nationwide, resulting in factories with 
production capacities o f  greater than 10 million bricks-per-year. Further advances in the trucking industry 
m ade out-of-state manufacturers more competitive in M ontana’s market. In 1977, Lovell Clay Products 
bought Lewiston Clay, Inc., announcing plans to increase production from 3 million bricks to 10.5 million 
during the next five years (Krempasky and Lawson, 1979). It appears that this merger only lasted a few 
years (Polk Directory, 1980). In 1980 an independent Lewiston Brick Company came back on the scene, 
but was out o f  business by 1983.
The reasons for the demise o f  Lovell Clay Products have been difficult to confirm. A source from 
Lovell, W yoming told o f a “disastrous explosion in the tunnel kiln [resulting] in the eventual closure o f the 
plant in 1981” (Richardson, personal communication, 2001). Others say they had quality problems similar 
to those experienced by WCMC. In this account, a suit resulting from poor quality control o f clay tile 
blocks supplied to M ontana State University for construction o f  their athletic department building proved 
too much for the company, and M ontana’s last brick factory closed in the mid 1980’s (Koerth, personal 
comm unication, 2000 ).
1.2 CURRENT ECONOMIC AND ENVIRONMENTAL FACTORS
A complex array o f economic, technological and social factors influenced the decline o f M ontana’s 
brick industry, but the new buildings around the University o f M ontana camrpus today testify to an obvious 
dem and for the product. Those bricks used on campus were transported from production facilities in Utah, 
W ashington, and Alberta. Transportation costs alone (averaging 14%, but up to 23% o f price) suggest that 
a local facility with lower freight costs might successfully compete with imported bricks (Bodmer, 2000).
Bodm er (2000) performed a preliminary assessment o f the brick market in Montana. A copy o f his 
report is attached in Appendix A. The report suggests the relatively small market for brick in M ontana (<6 
m illion/year) is the reason for no present in-state manufacturer. Most modem brick production facilities 
produce approximately 20 to 40 million bricks per year, and the markets o f neighboring competitors are 
judged  to be too well established to infiltrate (Bodmer, 2000).
However, several possible scenarios and factors warrant investigating the prospect o f  an in-state 
production facility. The first is the possibility that small-scale production could compete in a local market 
even with heavy competition from outside. Several facilities make a considerable profit producing only 4 
to 5 million bricks per year (e.g. Toowoomba Brick Co., Australia -  Freemantle, 1998). Reduced 
transportation costs and a desire o f  local distributors to sell a product made in M ontana might give a 
competitive edge (Bodmer, 2000).
Another factor that might influence the potential for re-establishment o f a brick industry in M ontana 
invokes the theory o f “cross-price elasticity”, which describes two commodities competing for the same 
m arket (M ansfield, 1982). In Montana, the timber industry is woven into the social fabric by employing 
m any people and being active in the marketing o f its products. If  bricks were produced in Montana, 
available at a competitive coàt, and actively marketed, the cross-price elasticity theory suggests that there is 
potential to increase demand.
So what is the demand, its forecast, and what 
factors will influence its trend? Figure 1.1, to the 
left, illustrates the general increasing demand for 
bricks in Montana. The data include only 
shipments to M ontana from US manufacturers and 
does not include those from Canada (estimated to 
be approx. 10-15% - personal communication, 
sales representative o f  IXL of Canada, 2001). The 
number o f bricks used in M ontana in 1999 was
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approximately 4.5 million (Bodmer, 2000) (38% more than the figure given by k ick  Industry 
Association). Bodmer forecasts the annual demand to increase by an estimated 8% based upon a 14.8% 
increase in the 1999 annual demand for brick within the intermountain region and previous trends within 
M ontana. If this forecast is accurate, Montana will use 7.1 million bricks in 2005 and 10.5 million in 2010.
A forecast like this for a state with an economy like M ontana’s is obviously optimistic. Our ailing 
economy and a variety o f  substitute products pose the greatest obstacles to a continuous rise in demand for 
bricks in Montana. However, other factors can positively influence the trend o f M ontana’s brick demand. 
If  advertising educated the public on the economic savings from reduced maintenance costs o f brick 
structures compared with most other materials, certain economic stigmas concerning brick could be 
eradicated (Brick Industry Association, 2000). In light o f the present deregulation o f M ontana’s power 
industry and significant increase in energy costs (6%  in Nov 2000 and another 21% in Feb 2001), brick’s 
attractive thermal properties and energy efficiency may spark a resurgence in its use in construction 
(M ontana Power representative, personal communication, 2001). The fire season during the summer o f 
2000, which resulted in more than 90 homes burned in Montana, will no doubt raise awareness o f brick’s 
fireproof qualities (Bitterroot and Helena National Forest representatives, personal communication, 2001).
Other factors that can affect the State’s demand for brick include M ontana’s population growth (10.5% 
from 1990-1999 - Census Data) and certain environmental factors, which may provide an impetus for 
increased use. One factor involves the use o f waste material, such as steel dust pollutants, into a brick’s 
matrix, reducing the amount o f  primary resource used and providing a safe solution for the disposal o f 
waste material (Sveda, 2000; Dominguez and Ullmann, 1996).
I f  a suitable demand for Montana-made brick exists, exploration for a quality resource is one o f the next 
steps towards assessment o f the viability o f a M ontana brick-production facility.
2. PART I -  EXPLORATION AND SITE IDENTIFICATION
Brick producers must meet production rate and quality demands while minimizing energy consumption, 
product losses, and processing costs (Burst and Hughes, 1994). Careful selection o f a brick-clay resource 
can raise production efficiency and minimize expenses. While most manufacturers utilize clay deposits 
within an economically determined distance from their production facilities, development o f a new plant 
would necessitate additional consideration o f transportation routes and distance to market.
A brick raw material is a fine-grained sediment mixture containing a substantial proportion o f  clay 
minerals, and is thus referred to as brick clay. The relationship between the clay and other fine-grained 
sediment imparts the plastic nature to the material that allows for the formation o f bricks and will be 
discussed in detail in the following section. The minéralogie and chemical variability o f brick clays, along 
with the ubiquitous nature o f  clay deposits in general, illustrate the need to develop raw material 
specifications in the exploratory phase o f this work (Burst and Hughes, 1994 and Dunham, 1992). The first 
objective was to identify the minéralogie and chemical composition o f  a brick-clay resource. The second 
was to develop methods by which I could systematically evaluate clay resources in Montana and identify 
the most suitable deposits for further study.
2.1 PREVIOUS STUDIES
Despite the long history o f  brick-making and extensive use o f  bricks today, the nature o f raw material 
for brick manufacture is one o f the most poorly defined among the industrial minerals (Prentice, 1988). 
Desirable properties o f  the raw material and fired product have typically been identified through usage and 
not by scientific or engineering analyses o f the raw material or finished product. The desirable properties 
o f  a raw material for brick include the following general characteristics: 1) the material must exhibit 
enough green strength to maintain its shape once it has been formed by dry-press or extrusion processes; 2 ) 
shrinkage, cracking, and warping should be minimal throughout initial drying and firing; and 3) the 
transform ations that occur during firing must impart durability, weather resistance and compressive 
strength to the brick (Clews, 1969).
W hen the extrusion process proved more competitive than dry-pressing in the early 1900’s, evaluation 
o f  the physical properties o f the raw material became more important due to technical requirements o f the 
process. Extrusion is the process o f “forcing a clay-water paste through a suitable orifice or die", and clays 
m ust have sufficient plasticity for this to work (Clews, 1969). Grain-size o f  a clay resource is one o f the 
m ost important physical properties and strongly influences the behavior o f brick clay during shaping.
drying and firing (Dondi et al, 1998). In 1954, W inkler (1954) devised a classification scheme that defines 
the most suitable structural-clay end product for a material based solely on grain-size. Although this 
worked in Germany, scattered results o f Belgium and Italian clays prompted development o f a new 
classification scheme by Dondi et al (1998). This system, however, also uses only grain-size data and may 
be applicable only to resources with similar mineral compositions. While grain size affects permeability 
and thus influences firing properties by allowing the escape o f volatiles, mineralogy and chemistry have 
more to do with the overall characteristics o f a fired product, including its strength (Burst and Hughes, 
1994). Many factories, however, still continue to evaluate their clay resource material solely on physical 
(e.g. grain size) and experimental firing characteristics. This may be partially due to the expensive and 
technical nature o f  minéralogie and chemical analyses (Prentice, 1988).
Studies from almost every decade since the 1950’s have described the influence o f  the mineralogy and 
chemistry o f the raw materials on a fired product (Nurse, 1960; Freeman, 1964; Clews, 1969; Worrall,
1982; O ’Neill and Barnes, 1979; Fitzjohn and Worrall, 1980; Dunham, 1992; Strazzera et al, 1997). 
According to industry surveys, typical brick clay minerals include ilUte, kaolinite, quartz, chlorite and small 
amounts o f  micas, feldspars and illite/smectits (Burst and Hughes, 1994; Worrall, 1982; Prentice, 1988; 
and others). However, mineralogical variability is common, particularly in the <lfjm  size fraction (Figure
2.1, Table 2.1).
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F igu re  2.1 M inéralogie variability  illustrated in the x-ray diffraction data  for the less than 2 um -size fraction o f  three 
d iffe ren t raw  m aterials used in brick m aking. Sam ples w ere orientated, strontium -saturated and glycol treated. Two- 
th e ta  values from  0 to 33 degrees. D istortion has occurred due to scanning and cropping o f  the original prints.
Table 2.1
Brick Clay Chemical Compositions for Select Sam ples (%)
SiOz
1
54.6
2
38.1
3
65.9
4
51.4
5
65.9
6
60.1
7
68.7
8
54.9
Standard 
Deviation (%) 
1 0 . 0
AI2 O 3 14.6 9.4 10.4 13.9 17.4 19.8 1 1 . 0 34.9 8.3
FG2 O3 5.7 2 . 6 3.9 4.0 5.6 5.0 7.0 3.4 1.4
FeO ND ND 0 . 8 1 . 2 NA NA NA NA 0.3
CaO 5.2 15.8 4.3 7.1 0.5 0.4 8 . 1 2 . 1 5.1
MgO 2.9 8.4 1 . 6 2.9 0 . 6 0.9 0 . 8 0.7 2.7
K2 O 5.9 2.7 1.9 3.8 1 . 6 4.0 2 . 0 2 . 6 1 . 0
N320 0.4 0 . 6 0.3 0.7 0 . 8 0 . 1 0.3
TiOz ND ND 0 . 8 0.7 1.5 3.1 0.7 0 . 6 1 . 0
Mn2 0 3 NA NA <0 . 1 0 . 1 <0 . 1 0 . 1 NA NA 0 . 0
SO 3 ND ND 0 . 2 <0 . 1 NA NA 0 . 6 0 . 1 0.3
LOI 9.4 23.0 9.7 14.3 6 . 6 4.8 <0 . 1 0 . 6 7.3
Total 98.3 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 98.9 99.8 1 0 0 . 0
1960) 4 Houghs, UK Wire cut (Nurse, 1960) 5. Yorkshire, UK (Fitzjohn and Worrall, 1980) 6. Plymouth, UK (Fitzjohn and Worrall, 
1980) 7. London Stock, UK (Worrall, 1982) 8 Coal Measure, UK (Worrall, 1982)
ND=Not Detected; NA=Not Analyzed; LOI=Loss on Ignition (includes €0% and H2 O)
The notion that there is little correlation between firing properties and minéralogie constitution was due 
in part to the tendency o f studies to compare brick clays in use, often failing to address the manufacturing 
processes that compensate for the variations o f the material. Successful use o f poor material was best 
explained by Freeman in 1964: " ... the [brick] industry is prepared to use the most uncompromising o f raw 
materials, extensively modifying the process if  necessary to compensate for their shortcomings. The 
reasons are doubtless historical, dating from times when transport difficulties made it essential to use local 
m aterials whatever their properties.” Expansion and continued operation o f  those historic facilities 
perpetuated both the compromising use o f local material and the antiquated opinion that minéralogie and 
chem ical properties have no influence on the quality o f the brick.
W hile the influences o f mineralogy and chemistry on a raw material have been clarified in the last two 
decades, the variability o f  clay resources successfully used in brick-making has stifled progress in 
identifying an ideal composition o f raw material for brick-manufacture. Studies detailing the firing 
transform ations in brick-clay (analogous to metamorphic petrology studies) have highlighted the roles 
played by mineral and chemical constituents in determining the fired strength and weathering 
characteristics (see Strength in section 2.1.1 for description o f  vitrification and formation o f  mullite) 
(Riccardi et al, 1999; Urban et al, 1985; Jordan et al, 1999; Hughes et al, 1983; Clews, 1969).
W hat is now missing from the scientific literature o f brick making is a synopsis o f the desirable 
characteristics regarding grain size, mineralogy and chemistry o f a raw material. Research in the ceramic 
industry, for example, identified favorable mineral and chemical compositions o f  raw materials in the
production o f porcelain many years ago (Worrall, 1982). To date, however, no study has yet defined the 
ideal chemical and minéralogie composition o f a resource suited for use in brick clays.
2.1.1 Physical and Ceramic Properties
While studies o f  brick and structural clay resources have not proposed a simple recipe for the 
m inéralogie and chemical constituents o f a brick-clay, much work has been done with regards to the 
physical and ceramic properties o f brick-manufacturing rav/ materials. The most important physical and 
firing characteristics o f raw materials and bricks are summarized below. Specific minéralogie and 
chemical factors that influence these characteristics are then described in Sections 2.1.2 and 2.1.3, 
respectively (Rice, 1987; Conrad, 1987; Clews, 1969; Lawrence, 1972).
Plasticity: Plasticity describes the ability o f a wet clay body to be molded, retaining the form when the
force is removed. Plasticity is commonly expressed as “water o f plasticity” and is that amount o f 
water, expressed as volume percent, that permits suitable workability o f the clay (Lawrence,
1972). It influences a body’s green strength, determining how well a green brick holds its form 
during and after extrusion or pressing. Size and shape o f clay particles affect the surface area o f 
the solid material and interaction between clay and water, and are the most influential factors 
controlling plasticity (Rice, 1987). Other things being equal, finer clays have a higher plasticity 
that is desirable to an extent, especially in the extrusion process, but too much will negatively 
affect other technical properties (e.g. shrinkage). As discussed further in section 2.1.2, smectite 
generally has a smaller particle size than other clays and absorbs water as well, and therefore has a 
very high plasticity. This characteristic o f smectite, however, causes excessive shrinking upon 
drying and firing. Nelson (1984) found the range for a group o f brick clays to be between 13.20 
and 40.70 percent water o f plasticity.
Shrinkage: is the reduction in volume o f a clay body due to the removal o f water, organic matter, and other 
volatiles in the drying and firing processes (Clews, 1969). Uneven and excessive shrinkage 
promotes warping and cracking (Conrad, 1987; Clews, 1969). Although the least possible 
shrinkage is desired, it is typically proportional to the plasticity o f a  clay body, which influences 
green strength (Conrad, 1987 and Rice, 1987). Depending upon the brick-forming process (e.g. 
dry press or extrusion) a compromise must be struck between the positive effects o f  plasticity and 
the negative effects o f shrinkage. Drying shrinkage is proportional to the volume o f  pore water 
lost by evaporation during drying (Clews, 1969). M inimizing plastic clays, such as smectite that
retain high percentages o f pore water, and increasing the permeability (with addition o f coarser, 
angular quartz), allowing for the escape o f volatiles within the clay body, will minimize warpage 
during drying and firing (Rice, 1987). “ Shrinkage o f a clay/water mass during drying is 
unavoidable, but defects are not inevitable” (Rice, 1987). The additional time required for proper 
drying compared to the percentage o f  defects resulting from warpage during drying is a serious 
economic consideration.
Strength: Strength is the ability o f a brick to hold its form under internal and external forces related to 
shrinkage, warpage, cracking, and compression, and is typically separated into green and fired 
strengths. Strength o f a green brick is primarily a function o f the plasticity o f the material. A 
range o f particle sizes, with the larger grains being angular so that the clay may bond and interlock 
between the grains, increases both green and fired strength (Rice, 1987). Vitrification and the 
formation o f mullite are the principal agents responsible for fired strength. Vitrification is the 
formation o f  glass (or amorphous mineraloid phase) that reduces porosity by fusing and bonding 
the material through partial melt (Rice, 1987). Mullite (3Al2032Si0 2 ) forms during firing from a 
range o f alumino-silicates (including kaolinite, iüite, and smectite), and its “elongate form and 
chemical resistance is the basis o f the strength and weathering capacity o f bricks” (Prentice, 1978; 
Clews, 1969).
Fluxes: A flux lowers the temperature at which partial melting begins during firing (eutectic temperature), 
enabling the body to fuse more readily (Worrall, 1982 and Clews, 1969). Fluxes include the alkali 
oxides (NaiO, K2O, LiiO), lime (CaO), ferrous oxide (FeO), and magnesia (MgO). As a general 
rule, addition o f fluxes lowers eutectic temperatures, although the main effects occur when a flux 
is added to a two-component system (Clews, 1969). Potash (K2O) produces very viscous fluids in 
comparison with lime and ferrous oxide and is therefore desirable because o f its effects on 
m aintaining strength during firing.
Firing or Vitrification Range: This is the temperature range over which vitrification occurs and glass forms 
by solid-state reactions to develop strength within the brick, but without deformation o f  the clay 
body (Clews, 1969). Vitrification occurs ever a range o f temperature rather than a discrete 
m elting point because o f partial melting processes. Vitrification typically commences at about 
900 degrees C and may cover a range o f 300-400 degrees C (Clews, 1969). It is also dependant 
upon the length o f firing time and viscosity o f the partial melt. Optimal maximum firing 
temperatures are typically between 1000-1100 degrees C (Urban et al, 1985).
Color: Structural clays typically have an iron content o f 3% to 8% and thus generally fire red upon
oxidation (Rice, 1987). In addition to the proportion and oxidized state o f the iron, grain size, 
firing temperature, and presence o f other constituents also influence the color (Worrall, 1982). 
Titanium oxide, for example, increases the coloring effects o f iron oxide, while calcium, 
magnesium and aluminum oxides decrease it (Bell, 1992). Controlling color in fired bricks is 
extremely difficult because o f the number o f  variables that can affect the final color o f a brick 
(Prentice, 1978).
2.1.2 M ineralogy
The following list summarizes the physical and ceramic characteristics that minerals typical o f  brick-
clay deposits impart to the bricks.
Clay M inerals
Kaolin: Because o f  their relatively large particle size for clay minerals, kaolin group minerals have a low 
plasticity. Minimal inter-particle water (also known as adsorbed or pore water) gives them a low 
shrinkage. Kaolin’s high alumina content makes it relatively refractory, increasing the 
vitrification range and giving strength to the fired body by contributing to the production o f 
mullite (Rice, 1987; Bell, 1992). Kaolinite loses its combined water (structural water - OH) fairly 
rapidly at 400-525 degrees Celsius, reducing its weight by approximately 14 percent (Rice, 1987).
Smectite: Sm ectite’s small particle size and interlayer water result in high plasticity (Rice, 1987). The 
high water content increases shrinkage and reduces the permeability o f a green brick, causing 
cracking if  heated too rapidly. Free water (pore water) loss occurs during drying (between 100- 
200 degrees Celsius) and dehydroxylation occurs over a larger range (300-800 degrees C) than 
that o f  kaolinite.
Illite: With variable particle size range (average between 0.1 and 0.3 um), illite exhibits good plasticity 
(Rice, 1987). Because o f its plasticity and alumina content, additional illite increases the 
shrinkage, the green and fired strengths, and decreases porosity (Urban et al, 1985).
Chlorite: Wide ranges in chemical composition o f  chlorite minerals result in variable thermal
characteristics. With a range o f plasticity resulting from variable grain size, chlorite is often a 
main mineral constituent o f bricks in areas where illite is scarce (e.g. source areas in a higher 
grade metamorphic terrain) (Worrall, 1982).
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Non-Clav Minerals
Quartz: Quartz is a non-plastic mineral, but adds bonding strength to a fired brick through the vitrification 
process at high temperatures (Bell, 1992). Although pure quartz is refractory and melts at 1710 
degrees C, other components o f a clay-body system reduce the eutectic temperature o f quartz 
vitrification (Clews, 1969). The high coefficient o f expansion o f alpha quartz just before 
transformation to beta quartz at approximately 573 degrees C results in a 2 percent volume 
expansion that may crack a brick during firing. Quartz can reduce shrinkage by increasing 
permeability, but this depends on its particle size and shape.
Feldspar: Sometimes added to ceramic mixtures fsr  their alkali content and fluxing properties, feldspars 
often occur naturally in clay deposits as a result o f incomplete weathering (Rice, 1987). They are 
non-plastic, variable in particle size, and exhibit no shrinkage. Pure potassium and sodium 
feldspars melt at 1150 and 1118 degrees C, respectively, and much lower when mixed with other 
phases. They form a viscous vitrification fluid desirable for its ability to maintain shape and form 
a dense, non-porous fired body (Rice, 1987).
2.1.3 Chemistry
Although the effects o f individual components in multi-component systems are difficult to analyze, I
have listed below a few o f the effects attributed to major oxides generally found in brick clays.
Calcium: Calcium is a constituent o f several minerals, including calcite, gypsum, dolomite, plagioclase 
feldspar, and Ca-smectite. During firing calcite decomposes at about 870 degrees C, producing 
calcium oxide and carbon dioxide (CaCO] = CaO + CO]). The hygroscopic (absorbing 
atmospheric water) nature o f lime (CaO) is detrimental as the hydration o f lime in a fired brick 
may cause cracking and reduction o f body strength (Worrall, 1982). CaO is also a flux that 
produces a low viscosity fluid. Carbon dioxide also has detrimental effects as discussed on the 
next page.
A lum ina ( A I 2 O 3 ) :  Found in alumino-silicates but not typically in its free form in brick clays, refractory
alumina produces very durable fired products, through the formation o f mullite, that are resistant 
to extreme changes in temperature and corrosion from acids and alkalis (Worrall, 1982).
Iron: It is the primary colorant o f  a fired brick... In an oxidizing atmosphere, iron will normally convert to 
red ferric oxide (FeiO]). In a reducing atmosphere magnetite (Fe30*) or ferrous oxide (FeO) may 
form, producing blue-black colors. Ferrous oxide also acts as a flux.
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Titania (TiOi): It can increase the coloring effects o f iron oxide as previously mentioned and also reduces 
the eutectic temperature.
Potash (K2O), soda (Na2 0 ), and magnesia (MgO): As previously mentioned in the description o f fluxes, 
these oxides all reduce the eutectic temperatures. Potash produces the most viscous vitrification 
fluid and is therefore more desirable to avoid distortion in the clay body during firing.
Carbon: In brick clays, most carbon is found as organic carbon. It typically oxidizes between 400-750
degrees C depending upon the amount. Eh, and permeability o f the clay body. When oxidized it 
forms carbon monoxide and carbon dioxide. Excessive production o f  CO2 and CO can result in 
cracking o f bricks if  the porosity does not allov/ for the escape o f  volatiles (Prentice, 1978). Large 
amounts o f  carbon will also result in greater shrinking percentages. Oxidation o f  organic carbon 
can, however, substantially lower energy costs by providing an internal heat source during firing 
(Prentice, 1978).
Sulfates (SO4): Sulfates from certain minerals including gypsum decompose to form SO2, contributing to 
weight loss and shrinkage, environmentally harmful emissions, and unwelcome scum formation 
on the surface o f a brick (Prentice, 1988 and Bell, 1992).
2.2 METHODOLOGY
2.2.1 Minéralogie and Chemical Target-Group Selection
The previous section shows that certain mineral and chemical constituents impart favorable physical and 
ceramic properties that are desirable for the production o f  brick. To determine a more specific minéralogie 
and chemical composition for which I could target my exploration for a brick-clay resource in Montana, I 
evaluated a data set o f pertinent characteristics for nearly 800 samples o f clays and shales compiled over 15 
years by the M ontana Bureau o f Mines and Geology (MBMG) (Berg, 1968, 1970, and 1973; Chelini 1965 
and 1966; Sahinen, 1958, 1960, and 1962).
The minéralogie, chemical, ceramic and geographic data for 777 samples were digitized and imported 
into a database management application (Microsoft Access ’97). (Critical aspects o f a brick-clay deposit 
not docum ented in the database include grain-size distribution, volume and overburden descriptions for the 
deposit from which each sample came.) A printout o f the entire database is attached in Appendix B.
Included with the information for each sample is an estimate o f the clay’s ceramic properties pertaining 
to its potential use as a brick clay. This estimate was based on a rating given each sample in the MBMG 
reports under a column typically entitled “Remarks” or “Suitability for various uses.” This column focused 
prim arily on the potential use for brick. While this judgem ent was qualitative in nature, the reports
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maintained a similar standard throughout the years based on plasticity, shrinkage, and firing range. Their 
actual remarks varied through the years, but typically maintained the following range for which I assigned a 
numeric value (Table 2.1.2).
T able 2.2.1
Reclassification o f  MBMG Brick Suitability Evaluation
M BM G Remarks Excellent Good Fair Possible Poor Unsuitable
Reassigned Value 6 5 4 3 2 1
This rating system implies no quantitative or linear relationship. Given the qualitative nature o f the 
“brick suitability rating” and the time over which these reports were written, there is considerable 
flexibility in each numeric assignment. For example, a sample labeled “fair” in one report could have been 
considered “good” or “possible” in a following publication if  a different person made the judgement.
Using M icrosoft Access, I queried minimum, maximum, and average mineral and chemical values for 
each o f  the different MBMG suitability ratings. The results o f those queries are presented in Appendix C; 
Database Analysis. The average mineral and chemical characteristics were then plotted in order to identify 
possible trends or correlations. Because o f the intrinsic flexibility o f  the values for suitability ratings, I 
plotted the average results in groups that would allcv/ for the inconsistency while maintaining a separation 
between the “possible” and “poor” rated samples (5 or 6 ; 4 or 5; 3 or 4; 2 or 3; 1 or 2; 0 or 1).
2.2.2 G eographic  V ariables and  Site Selection
As with many other industrial minerals today, the value o f a brick-clay resource is heavily influenced by 
factors other than its minéralogie, chemical and physical properties. Because o f the low unit value and high 
transportation costs, the value o f a structural clay material is dependant as much upon geographic factors, 
such as proximity to population centers and transportation routes, as the quality o f  the raw material (Burst 
and Hughes, 1994). Table 2.2.2 presents some o f  those geographic variables most influential in the 
valuation o f a structural clay deposit.
T able  2.2.2 
Geographic Variables and Influences
GEOGRAPHIC VARIABLE INFLUENCE SOURCE
Railways Transportation Costs Natural Resource Information System (NRIS)
Highways Transportation Costs NRIS
Natural Gas Pipelines Production Fuel Availability/Cost Montana Power Company
Landfills Alternative Fuel Source/Environmental NRIS
Population Centers Market Locations NRIS
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I utilized the A review 3.2 GIS program to create a base map composed o f themes for each geographic 
variable presented in Table 2.2.2. On top o f the base map, I imported the MBMG clay sample locations 
and accompanying database tables. The MBMG Progress Reports presented sample locations in the public 
land survey system (Berg, 1968, 1970, and 1973; Chelini 1965 and 1966; Sahinen, 1958, I960, and 1962). 
Unfortunately, this system is not a true coordinate system because it describes an area and not an exact 
point. A description o f the process converting the locations to a coordinate system, along with details for 
each o f  the themes within the GIS and comments on tlieir accuracy, is included in Appendix D: GIS Map 
Generation.
While many M ontana clay deposits could be used, and have been used for the production o f brick, the 
purpose o f this study was to identify the best deposit, in both quality and geographic location, using 
published data for identification. It is possible that errors in the data sets, narrow sampling groups, or even 
this report’s chemical and minéralogie limitations have overlooked suitable brick-clay deposits.
Once the maps and database information were compiled in the GIS format, I narrowed the group (field) 
o f  suitable deposits by applying the chemical composition and.mineral targets identified in Tables 2.4a and 
2.4b). I then applied geographic constraints on this group through buffering applications on the geographic 
data sets. Buffering functions can take a linear feature, such as a highway, and report all the sites located 
within a given distance to that feature. I further eliminated some deposits based on accessibility constraints 
and resource volume estimates (from MBMG sample descriptions in the reports and field observation).
2.3 DATA
2.3.1 M inéralogie T rends
The mineralogy o f all samples was determined by X-ray diffraction methods as described in each o f the 
M BM G Progress reports (Berg, 1973, 1970, and 196&; Chelini 1966 and 1965; Sahinen, 1962, 1960, and 
1958). Unlike the results o f  the chemical analyses, the minéralogie composition o f the samples was 
presented in semi-quantitative format by notation o f “major,” “medium,” “minor,” and “trace” . For use in 
a database, numerical notation is much more efficient to analyze. The original notations have therefore 
been changed according to the following procedure:
T able  2.3.1 
Reclassification o f  M BM G’s XRD Notation
M BMG XRD Notation Major Medium Minor Trace Not Present
Reassigned Value 4 3 2 1 0
This notation implies no quantitative or linear relationship. A value o f 2.4, for example, indicates a mineral 
represented by some unknown value between “minor” and “medium.”
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The results for the query applied to the 111 samples in the mineralogy database are presented in Figure
2.3.1. Num bers plotted in the graphs are averages o f a range o f  values. The numeric results are included in 
Appendix C: Database Analysis.
2.3.2 Chemical Trends
The M BMG chemical data tables are not complete. For various reasons (including unsuitability and 
budget constraints), approximately 70 samples from the eight reports were not analyzed at all, whereas 
another 45 samples were only analyzed for AI2O3, NazO, and K 2O. Although the count value (number o f 
samples) for a specific query included every sample with that specified suitability rating, missing or “null” 
values were not considered in calculating the average value o f each chemical constituent for each o f the 
suitability ratings (Microsoft Access ’97). The summation o f the chemical analyses for each sample 
typically does not equal 100 percent. The difference results from constituents not reported, including H2O, 
CO2, SO], etc.
Results o f  the chemical database queries are presented in Figures 2.3.2a through 2.3.2e. Numbers 
plotted in the graphs are averages o f a range o f  values. The numeric results are included in Appendix C: 
Database Analysis.
2.4 DISCUSSION AND INTERPRETATION
Figure 2.3.1 shows clear trends between some o f the minerals and the suitability rating o f deposits for 
brick-manufacture. As we would expect from the previous review of minéralogie properties, desired 
ceram ic properties coincide with higher abundances o f kaolinite, illite, and quartz. In contrast, increased 
smectite, gypsum, and talc are associated with lower suitability ratings.
Iron and titanium (Figures 2.3.2a and 2.3.2e, respectively) show little correlation with the strength and 
durability o f  a brick clay, but may be important in coloration. The presence o f potassium (Figure 2.3.2a) 
appears to be related to a positive trend that is most likely a result o f its properties as a fluxing agent and its 
presence in illite and feldspar. While properties o f  illite, including its good plasticity and minimal pore- 
space water, are reflected in the minéralogie trend, feldspar has a mixed or detrimental trend. This is 
probably a result o f  conflicting qualities, which include its alkali oxide content but also its poor plasticity. 
Grain size also plays an important role in the evaluation o f the feldspar constituent.
W hile sodium is a flux, its presence and inverse relationship to the suitability rating (Figure 2.3.2e) is 
probably a result o f  its association with smectite and the fact that it produces a melt phase o f low viscosity 
(M oore and Reynolds, 1997). Sodium smectite tends to be more plastic and can entrap more water than
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other smectites (Worrall, 1982). Smectite’s negative influence is illustrated well in Figure 2.3.1. The 
strong negative relation o f magnesia (Figure 2.3.2e) could be explained by its role in smectite or as a 
constituent o f chlorite. The presence o f calcium shows an expected strong inverse association with the 
suitability rating (Figure 2.3.2b) because o f the formation o f lime (CaO), as discussed in the previous 
section. M agnesia (MgO) and lime (CaO) also narrow the vitrification range (Bell, 1992).
Figure 2,3.2d illustrates the important role o f SiOi in producing a strong brick by vitrification. As the 
m ajority o f  the constituents within all o f  the samples are silicate minerals, the increased content o f  silica is 
probably in relation to the presence o f quartz, v/hich is substantiated in the Figure 2.3.1. Figure 2.3.2c 
illustrates a general trend that appears to favor an increased proportion o f aluminum presumably because o f 
high A1 in kaolin and illite and in spite o f  higli AI in feldspar. Alumina, as discussed previously, produces 
strong and durable fired products (Worrall, 1982) and is proportional to the percent clay, particularly 
kaolin.
The chemical and minéralogie trends provide a framework from which I developed quantitative 
guidelines for each individual oxide and mineral. These are presented in Table 2.4a and Table 2.4b.
Table 2.4A
Compositional Limitations
ELEM ENT (Oxide) OBJECTIVE/EFFECT IDEAL RANGE
Silica (SiOz) Maximize/Increase vitrified strength > 58 % *
Aluminum (AJ2 O 3 ) Maximize/Durability and increasing firing r^ g e ^  16%
Calcium (CaO) Minimize/Reduce spalling defects < 4 %
Magnesium (MgO) Minimize/Reduce negative elTects on firing range S 2.5 %
Potassium (K2 O) Increase/Increase fluxing agent > 1.75%
Sodium (NaO) Decrease/Reduce negative effects o f Norclay < 1.50%
* While Fig. 2.3.2d does not show evidence o f a negative trend at higher values, clearly there is some amount at which silica content negatively atfects the quality of a brick clay.
Table 2.4B 
Mineral Target Group
M INERAL OBJECTIVE/EFFECT IDEAL RANGE
Quartz Maximize/Increase vitrification strength > 3
Illite Increase/Increase plasticity and strength ^ 2
Smectite Minimize/Reduce shrinkage < 1
Kaolinite Maximize/Increase durability and firing range > 2
Feldspar Avoid large quantities/While good as a fluA, it reduces plasticity < 2
Calcite Minimize/Reduce negative volatiles and spall ing defects ^  1
Dolomite Minimize/Reduce negative volatiles and spalUng defects ^  1
Gypsum Minimize/Reduce negative volatiles and scum formation ^  1
Chlorite Avoid large quantities/Avoid variability < 1
Talc Avoid large quantities/ Reduce negative effects o f its plasticity ^ 1
2.5 SITE SELECTION
O f the original 777 samples (Figure 2.5a), 13 samples meet the minéralogie and chemical criteria presented 
in Tables 2.4a and 2.4b (Table 2.5). The geographic constraints, such as maximum distance values applied 
to the natural gas lines as illustrated in Figure 2.5b, eliminated one o f those samples. The final twelve (12)
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Figure2.5a: The distribution o f the 777 MBMG sample locations. 
Points typically represent more than one sample location.
Figure 2.5b: The spatial and geographic limiting factors. The thickness o f 
shaded line is within approximately 10 kms of the natural gas pipeline.
samples had been collected from eight different sites. ! visited each o f these sites evaluating mineralogy, 
resource potential and overburden/waste rock percentage through field observation.
Adequate volume o f a deposit is o f critical importance when evaluating a potential brick-clay deposit 
(M itchell and Vincent, 1997). In addition, removal o f  overburden is an expense that often determines the 
economic viability o f  a deposit. Based on my field observations and these considerations, I chose to 
eliminate sites with greater than 10 meters o f overburden and deposits with less than 8 vertical meters 
thickness.
O f the eight sites, the four sites from which samples 528, 592, 617, and 620/621 were collected have 
potential based upon preliminary field observations (Table 2.5). Further characterization and analysis o f 
these sites is recommended. Three o f  these four are horizontally stratified Mesozoic sedimentary rocks. 
Since time and budget constraints allowed for a detailed study o f only one o f  these deposits, I chose the site 
from which sample no. 528 came based on accessibility and exposure o f geology.
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3. PART II -  GEOLOGY AND SITE CHARACTERIZATION
Successful exploitation o f  a clay deposit relies on an adequate geologic evaluation and an accurate 
appraisal o f the clay properties (Mitchell and Vincent, 1997). Subsequent evaluations for slope stability, 
subsidence, and overburden ratio are just a few o f the important extractive and economic factors that rely 
on a solid geologic evaluation.
3.1 PREVIOUS WORK
The prospect chosen in the exploratory phase o f this work (MBMG Sample No. 528) has been mined for 
brick clay. Located approximately 25 miles west o f  Helena, Montana near Mullan Pass, the deposit is 
known as the Blossburg Pit for its proximity to the railway stop o f the same name (see Figure 3.1, Vicinity 
Map).
Jacob Switzer purchased the property in 1890 from the Northern Pacific railway and had established the 
Switzer Brick and Terra-Cotta Company by 1892 (Quivik, 1985). In 1905, Switzer and Nicholas Kessler 
(brewery and brickyard owner) merged their operations to form the Western Clay Manufacturing Company 
(W CM C) o f Helena, Montana. Clay was mined from the site from 1892 until 1960 when the WCMC went 
out o f  business and was bought by Medicine Hat Brick and Tile Company (now IXL) o f Alberta to 
eliminate competition (Quivik, 1985). No report produced by any o f these companies on the geology o f the 
deposit has been found.
Studies by Bierwagen (1964) and Knopf (1963) are the only geologic investigations that cover the area 
discussed in this report. K nopf (1963) briefly mentions the mineralogy o f  rhyolite found in the area and 
suggests an unsubstantiated date for the sediments: “They are ash-gray rocks carrying phenocrysts o f coal- 
black quartz along with sanidine, sparse plagioclase, and less biotite. The plagioclase is a high-temperature 
variety o f composition A n ,i[... T]he rhyolite overlies clay beds o f Oligocene age.”
Bierwagen (1964) mapped an area encompassing over 200 square miles focusing primarily on 
Proterozoic stratigraphy, but did give a detailed description o f the tertiary volcanic rocks and sediments in 
the M ullan Pass vicinity (see Bierwagen, 1964 pp. 96-102). He theorized the sediments were deposited in a 
Tertiary lake in a topographic low created by a normal fault. The lake was then filled by a volcanic flow, 
colonized by a marsh environment, and lastly covered by more volcanic material.
Additionally, although unsubstantiated, the present owner o f the site (Henry Price) reports that the 
property was leased and evaluated for gold mineralization for several years during the 1990’s (Price, 
personal communication, 2000).
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3.2 METHODOLOGY
3.2.1 Mapping
I m apped the geology o f approximately 4 km^ in an area centered on the Blossburg Pit to 
establish/verify age relations and to estimate t!ie deposit reserves. An ideal characterization o f a ceramic 
clay deposit would entail the analysis o f cores from a closely spaced drilling program (Mitchell and 
Vincent, 1997). In the absence o f funding for such a program, I evaluated o f the sedimentology and 
m ineralogy o f samples collected from exposures in the pit. The 16-meter section may not be statistically 
representative o f  the entire deposit.
3.2.2 Sampling
I collected thirty-two vertical channel samples o f varying length from the main pit exposure (Figure 
3.2.2a). Samples were excavated with a hand trowel/shove! and collected in gallon Ziplock storage bags. 
Sample channel length was determined by stratigraphie heterogeneity. Each sample was from a unit that 
appeared to be o f  consistent lithology. Channel lengths varied from 6 cm to 110 cm (see Appendix E: 
Sample Description).
3.2.3 Petrology
The mineralogy was assessed through X-ray diffraction (XRD) analyses. Randomly oriented bulk and 
>2pm  fraction samples were prepared on glass slides and scanned from 0 to 65 degrees two-theta to 
characterize overall mineralogy according to standard techniques described in Chapters 6 and 7 o f  Moore 
and Reynolds (1997). Semi-quantitative mineral analyses o f the non-clay fraction were conducted by 
comparison o f  peak-height ratios with standards developed in this study (Brindley and Maroney, I960). 
Standard slides with different weighted ratios o f  cuarîz and granitic composition plagioclase and sanidine 
were prepared using the same techniques as for the unknowns (Moore and Reynolds, 1997). A power 
curve was computed for the peak-height ratio data measured from mixtures o f known mineral quantities. 
This curve (Figure 3.2.2b -  Feldspar: Quartz Standard Ratio Curve) was then compared with the ratio o f the 
sum o f  the sanidine (131) and plagioclase (022,231) peak heights to the quartz (110) peak height o f each 
sample to determine approximate percent quartz and total feldspar. A least-squares straight line fit to 
sim ilar data from known granitic composition feldspar mixtures (Figure 3.2.2c - Sanidine:Plagioclase 
Standard Ratio Curve) was compared with the sanidine (131) to plagioclase (022 & 231) peak-height ratio 
to determine the approximate proportion o f each feldspar. A power curve was used to represent the 
relationship o f  feldspar and quartz peak-heights ii> figure . 3.2.2b because o f  the assymptotic nature o f the
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Resistivity Transect located
approx. 100 meters in this
direction
One foot rock hammer 
^  in foreground for scale
FIGURE 3.2.2a: Main exposure at the Blossburg Pit. View is looking N-NE from “T14-T47” sample location on Geologic Site 
Map (Figure 3.4.1). Samples T14-T29 were collected from the face of the pit as illustrated. Samples T32-T47 were collected 
from the units after excavation of the overlying material. Despite distortion due to the angle of the photo, sample T-32 was 
collected from the unit stratigraphically above T29. Vertical section from sample T14 through T47 measures approximately 
15 meters. Vertical section from T14 through the top of T29 measures approximately 8.3 meters.
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ratio as either variable approaches 100 percent. However, because o f overlapping peaks from both the 
plagioclase and sanidine feldspars at similar two-theta angles, the ratio could not equal zero nor infinity in 
Figure 3.2.2c, and a least-squares straight line was used to quantify the feldspar relationship. Examination 
with a  binocular microscope o f the >2pm size fraction from several sediment samples allowed descriptions 
o f  grain shape, sorting and size.
Air-dried and glycol-solvated oriented samples o f the <2pm fraction were scanned from 0 to 32 degrees 
tw o-theta to determine clay mineralogy according to standard techniques described by Moore and Reynolds
(1997). Semi-quantitative analyses o f the clay mineral content were conducted by comparison with 
calculated quantities modeled with Newmod (Reynolds and Reynolds, 1995). The total mineralogy o f each 
szunple was approximated by multiplying the proportion o f sample in the <2pm grain-size fraction by each 
clay mineral percentage, and the proportion o f sample in the > 2pm  grain-size fraction by the quartz and 
feldspar percentages. As this is the product o f weight-percent and volume-percent values, the total fraction 
could have some error due to differences in the densities o f  the minerals.
A Malvern Instruments “Mastersizer” was employed to perform grain-size distribution analyses. 
Between 0.15 and 0.25 grams o f  sediment from each sample were added to approximately 500 ml of 
deionized water. Approximately 0.02 grams o f sodium hexameta-phosphate was added as a deflocculant. 
The sample was stirred and then ultra-sonically disaggregated for a minimum o f  3 minutes. Obscuration 
levels between 20-30% (recommended for sediment with heterogeneous grain size) were obtained through 
either the addition and disaggregation o f  more sediment or dilution with more deionized water. A brief 
description o f the M astersizer is attached in Appendix G.
A provenance analysis o f pebble clasts collected from two fluvial units was performed through hand- 
lens observation to identify sediment sources. Phenocryst composition o f rhyolite pebble clasts, 
determined through pétrographie thin-section analysis, were compared with those from the neighboring 
rhyolite unit (Trv) to determine the source and inferred age o f the clasts.
Attem pts were made to identify fossil plant fragments with a binocular microscope to help with relative 
age dating. Plant fragments are common in certain organic, fissile sediment layers. Unfortunately, the 
organic debris is both coalified and randomly oriented, and a sample suitable for identification was never 
found.
27
3.3 REGIONAL GEOLOGY (GEOLOGIC SETTING)
The Blossburg Pit lies in the northern Rocky Mountains on the western margin o f the Lewis-Hoadly fold 
and thrust belt. Precambrian and Paleozoic strata are exposed in the area to the north, whereas the 
Cretaceous Boulder Batholith and related Elkhom Volcanics lie to the south (Figure 3.3). Felsic Tertiary 
volcanic rocks are widespread and commonly overly older rocks in both regions. Tectonic activity during 
late Cretaceous and Tertiary time greatly influenced the paleotopography and formation o f sedimentary 
basins. Isolated remnants and preserved “microbasins” from the Tertiary period are sparsely distributed 
throughout the area (Bierwagen, 1964).
3.4 DATA \
3.4.1 Geology
The Blossburg prospect encompasses an area less than one square kilometer (Figure 3.4.1: Geologic Site 
M ap and Cross-sections). Only minor changes to surrounding contact locations were made to Bierwagen's 
1964 geologic map.
3.4.2 Petrology and Lithology
The Tertiary sediments (Ts) consist o f  non-lithified inter-bedded clays, sands, and gravels. Beds vary in 
thickness from 6 to 110 cm, are vertically heterogeneous and do not have any apparent fining or coarsening 
sequences. They are laterally heterogeneous, some pinching out on outcrop-scale, but poor exposures make 
it difficult to follow the more continuous beds. No channels or sedimentary structures other than the 
bedding described above were observed. Silty-sands, sandy-silts, and clays typically contain thin lenses o f 
sub-bitum inous coal (Figure 3.4.2). Gravel layers consist o f  poorly sorted, clast-supported, sub-rounded, 
coarse sand and pebbles that are partially imbricated. Results o f  the pebble provenance analysis are 
sum m arized in Table 3.4.2a.
Rhyolite pebble clasts identified during the provenance analysis were retained for pétrographie 
comparison with the rhyolite unit mapped in Figure 3.4.1 (Trv). Five clast samples were compared with 
five samples (outcropping and float) from this unit with varying degrees o f weathering. The results are 
presented in Table 3.4.2b. ■ • .
3.4.3 Mineralogy and Grain-Size Distribution
Results from the grain-size and minéralogie analyses are summarized in Table 3.4.3a. Although this 
deposit is laterally and vertically heterogeneous, the results o f the mineralogy and size distribution are
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F IG U R E  3 .4 .2 ; T hin c o a l le n s e s  in s e d im e n ts .
T A B L E  3 .4 .2 A  
P e b b l e  P r o v e n a n c e  D a ta
U nit T -2 0 S iz e  R a n g e R hyo lite Q u a r tz i te /S a n d s to n e S ilts to n e O th e r N u m b e r  o f  C la s ts
B a tc h  1 (T -20 ) > 3 1 .5 m m 0 1 0 0 1
1 6 .0 -3 1 .5  m m 0 51 12 1 6 4
8 .0 -1 6 .0  m m 0 2 9 2 5 0 5 4
B a tc h  2  (T -20 ) > 3 1 .5 m m 1 0 0 0 1
1 6 .0 -3 1 .5  m m 4 2 6 5 2 3 7
8 .0 -1 6 .0  m m 4 3 9 8 0 51
T o ta l T -2 0 > 3 1 .5 m m 1 1 0 0 2
1 6 .0 -3 1 .5  m m 4 7 7 17 3 101
8 .0 -1 6 .0  m m 4 6 8 3 3 0 1 0 5
All 9 1 4 6 5 0 3 2 0 8
4 .3 3 % 7 0 .1 9 % 2 4 .0 4 % 1 .4 4 % 1 0 0 .0 0 %
U nit T -2 9 S iz e  R a n g e R hyo lite Q u a r tz i te /S a n d s to n e S ilts to n e O th e r N u m b e r  o f  C la s ts
B a tc h  1 (T -2 9 ) >  31 5 m m 0 4 0 0 4
1 6 .0 -3 1 .5  m m 1 4 5 8 0 5 4
8 .0 -1 6 .0  m m 4 31 2 8 0 6 3
B a tc h  2  (T -2 9 ) >  3 1 .5 m m 1 2 0 0 3
1 6 .0 -3 1 .5  m m 6 6 0 7 0 7 3
8 .0 -1 6 .0  m m 6 18 2 7 0 51
T o ta l T -2 9 > 3 1 .5 m m 1 6 0 0 7
1 6 .0 -3 1 .5  m m 7 1 0 5 15 0 12 7
8 .0 -1 6 .0  m m 1 0 4 9 5 5 0 1 1 4
All 18 1 6 0 7 0 0 2 4 8
7 .2 6 % 6 4 .5 2 % 2 8 .2 3 % 0 .0 0 % 1 0 0 .0 0 %
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TABLE 3.4.28 
Rhyolite Pétrographie Comparison
Sample # Sample Description PHENOCRYSTS
wK)
D
U i
?
X
a:
Io
É
è
QUARTZ SANIDINE PLAGIOCLASE
T-1 Rhyolite float -«5% Large euhedral phenocrysts -5% Large euhedral phenocrysts -30% small to medium (anhedral to euhedral) twinned phenocrysts
T-8 Rhyolite float -65% Large euhedral phenocrysts -5% Medium to large euhedral phenocrysts -30% Anhedral, twinned phenocrysts
T-9 Rhyolite float poor" Medium to large euhedral phenocrysts poor Medium to large euhedral phenocrysts poor Anhedral, twinned phenocrysts
T-10 Outcropping Rhyolite, partially weathered, w /  flow laminae -65% large euhedral phenocrysts -20% Large euhedral phenocrysts -15% Anhedral to euhedral; good Iwirtning
T-13 Outcropping tabularly bedded Rhyolite with vugs poor Large euhedral phenocrysts poor Medium to large euhedral phenocrysts poor Anhedral, twinned phenocrysts
T-30 Rhyolite float, partially weathered, wf micro flow laminae -70% Large euhedral phenocrysts -20% Large euhedral phenocrysts -10% Only one phenocryst of plag in sample
Clast 1 -65% Large euhedral phenocrysts -35% Med to Large euhedral phenocrysts 0% none found
Clast 2 -70% Large euhedral phenocrysts -30% Med to Large euhedral phenocrysts 0% none found
Clast 3 poor Medium-large euhedral phenocrysts poor Med to Large euhedral phenocrysts 0% none found
Clast 4 -55% Anhedral to euhedral, vartatile size -45% Med to Large euhedral phenocrysts 0% none found
Clast 5 -55% Anhedral to euhedral, variable size -45% Med to Large euhedral phenocrysts 0% none found
‘ poor = not able to statistically approximate
TABLE 3.4.3A 
Grain Size and Total Mineralogy
Unit Profite (cm) Unit Thickness (cm)
GREATER THAN 2um SIZE FRACTION 
Sample # %Quarlz %Total Feld % Sanidine % Plag
LESS THAN 2um SIZE FRACTION 
% Kaolinite % Smectite % Illite
GRAIN SIZE (Percent Volume) 
Below 2pm 2pm-50pm 50pm-2000pm
PERCENT OF TOTAL FRACTION 
Quartz Total Feld Kaolinite Smectite Utile
1509 (Top of Deposit) 30 T-47 66 34 34 0 64 21 14 26,2 48 7 25 1 48 7 25.1 168 56 3 7
1479 75 T-46 70 30 30 0 56 25 19 458 470 7,3 38.0 163 25 7 11 4 8 6
1404 80 T-45 71 29 29 0 36 29 36 488 476 36 364 149 174 139 174
1324 120 T-44 72 28 20 8 42 42 16 41.3 522 6 4 42 2 164 174 17.4 6 5
1204 40 T-43 61 39 5 34 20 50 30 366 52.0 11.4 38 7 247 7.3 183 110
1164 15 T-42 79 21 20 1 0 91 9 4 5 750 20.5 75.4 201 0.0 41 04
1149 ■ 8 T-41 88 12 3 9 0 0 0 2.4 70.5 27 1 659 11.7 0 0 0 0 0 0
1141 60 T-40 74 26 22 4 0 91 9 454 45.4 92 40 4 14 2 0.0 41 2 4 1
1081 6 T-39 67 33 16 17 17 83 0 1.7 91 3 7.0 65 8 324 0 3 14 0 0
1075 50 T-38 72 28 13 15 63 6 31 2.7 74.4 22.9 701 27.3 17 02 0 8
1025 50 T-37 73 27 27 0 50 15 35 2 6 887 8.8 71.1 263 13 04 0 9
975 40 T-36 76 24 16 6 44 13 44 1,7 756 22 8 747 236 07 0 2 0.7
935 45 T-35 73 27 18 9 50 19 31 1.7 654 329 71 8 265 0 9 0 3 05
690 30 T-34 72 28 20 8 23 54 23 1.6 64.2 34.1 70 8 276 04 0 9 04
860 15 T33 77 23 18 5 5 63 32 37,0 51.6 11.4 485 14.5 19 234 11 7
845 15 T-32 69 31 31 0 23 54 23 1.6 62.5 359 67.9 305 04 0 9 04
830 55 T-29 73 27 8 19 40 20 40 150 44.9 401 621 230 6 0 3 0 6 0
775 40 T-28 65 35 16 19 9 91 0 5 6 74.3 20.1 61 4 33.0 0 5 5.1 0 0
735 15 T-27 76 24 18 6 0 91 9 37.6 583 3 9 47.3 14.9 0 0 34 3 34
720 65 T-26 31 69 69 0 17 83 0 2.1 485 49.4 303 67.5 0 4 18 00
655 30 T-2S 64 36 23 13 6 71 24 3.4 81.9 147 61 8 348 02 2 4 0 8
625 100 T-24 75 25 13 13 33 50 17 1.7 602 38.1 73.7 24.6 0.6 0 6 0.3
525 30 T-23 65 35 23 12 33 50 17 2.3 584 393 63 5 342 0 8 1.1 04
495 40 T-22 73 27 9 18 6 71 24 1.9 780 20.0 71.6 265 0.1 1.4 0 5
455 110 T-21 64 36 36 0 27 55 18 1.1 652 33.7 63 3 356 0 3 0 6 02
345 100 T-20 30 70 0 70 36 55 9 2 0 580 400 29.4 686 0 7 1.1 0.2
245 30 T-19 69 31 31 0 22 11 67 39 928 33 66 3 298 0 9 04 26
215 40 T-18 64 36 34 2 25 0 75 3.2 64 5 123 62 0 349 0.8 0 0 2.4
175 60 T-17 69 31 31 0 50 50 0 3.6 67.4 29.0 66.5 299 18 18 0 0
115 10 T-16 55 45 13 32 0 100 0 57.5 37.7 4 8 23.4 19.1 0 0 57.5 0 0
105 65 T-15 45 55 36 19 0 100 0 2.9 894 7.7 43.7 534 0 0 29 0 0
40 (Base of Deposit) 40 T-14 67 33 6 27 0 100 0 42.4 489 8 7 386 190 0 0 42 4 0 0
Unit Size-Weighted Average 15.8 623 21.9 53.8 30.4 4.8 7.9 3.1
Composite sample* (T-compI) 53.9 30.3 4 0 9.9 20
Test Brick Average - sampleTB1 (seep. 41) 285 51.4 20.1 45.1 26 4 10 142 4 3
* CompoaM* ol «ample* # 14-47 • grain size not analyzed due lo previous grinding of componenlt
shown in vertical profiles (Figures 3.4.3a through 3.4.3d) to help identify stratigraphic/sedimentological 
trends or changes in the deposit. Grain-size distributions are also presented in Figures 3.4.3e and 3.4.3f for 
comparison with German and Italian size-classification schemes developed by Winkler (1954) and Dondi et 
al. (1998) as discussed in Section 2.1.
Mineralogy o f the deposit primarily consists o f  quartz, sanidine, plagioclase, smectite, kaolinite, and 
illite. Although other minerals, such as biotite and muscovite, exist in trace amounts, the mineralogy has 
been presented as a 6 component system (or 5 if the feldspars are combined). The quartz is fine- to coarse­
grained and sub-angular to sub-rounded (some appearing like the euhedral phenocrysts o f  the rhyolite).
The feldspars are fine- to medium-grained and angular to sub-rounded.
The overall mineralogy o f  the deposit was characterized by normalizing each sample to its unit 
thickness and averaging those results. I also evaluated a composite sample (T-com pl) assembled with an 
amount o f  sediment from each sample normalized to its unit thickness. An average grain size calculated 
from the 32 samples was used to compute the minéralogie percentages in the clay and non-clay fractions. 
The results are summarized in Table 3.4.3b, below.
TA BLE 3.4.3b
APPROXIMATE TOTAL MINE RALOGY
% Quartz % Total Feldspar % Kaolinite % Smectite % Illite
Unit size-weighted average 53.8 30.4 4.8 7.9 3.1
Composite Sample 53.9 30.3 4.0 9.9 2.0
3.5 D ISC U SSIO N  AND IN TER PR E TA TIO N
3.5.1 Paleoenvironm ent and  Provenance
Evidence from this study differs slightly from Bierwagen's (1964) interpretation that these sediments 
were a lacustrine deposit with two separate volcanic sequences (see Bierwagen, 1964 pp. 96-102). The 
laterally and vertically heterogeneous clay, sand and gravel layers and lenses suggest fluvial deposition in 
an area o f gentle to moderate topography, although the lack o f  sedimentary bed-forms makes it difficult to 
decipher stream morphology. The imbricated pebbles and clast-supported nature o f the gravels further 
support the interpretation o f  fluvial transport and deposition. Fossil plant fragments and thin coal lenses 
(see Figure 3.4.2), common in many layers, suggest a temporarily stable depositional environment with a 
tem perate (or warmer) climate. Lack o f ripples, cross-beds, and other bed-forms could be a result o f 
bioturbation by roots from flora o f that time. Clay-rich layers associated with fluvial strata such as this 
could be interpreted as over-bank deposits, although alternatively, they could be air-fall ash. The lack o f 
sedimentary structures within the beds could be indicative o f a debris flow depositional process, but the
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by W inkler for German deposits are noted.
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Figure 3.4.3f: Italian size-classification scheme (Dondi et al, 1998) with the results from the Blossburg deposit. 
The best-use terms developed by Dondi et al (1998) for Italian deposits are noted.
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imbricated pebbles suggest otherwise. Highly organic, fissile clay deposits to the south-east o f the main pit 
appear stratigraphically equivalent and represent a lateral transition to a paludal (swamp) environment.
The results o f the pebble provenance analysis help identify the main clastic sources for the deposit, 
although identification to specific formation was not possible. Quartzite dominates the count and suggests 
the importance o f the Proterozoic Belt rocks in the paleogeography. Siltstone and sandstone clasts found in 
the count suggest the exposure o f  Paleozoic and Mesozoic strata. This is very similar to the geologic 
exposures in the area today.
The presence o f rhyolite clasts in fluvial gravel lenses indicate volcanic activity previous to or 
contem porary with sedimentation. Thin section analysis identified a distinct difference in sanidine content 
between the clasts and rhyolite unit, Trv (shown on Figure 3.4.1), as well as a general lack o f plagioclase 
phenocrysts in the clasts although they are abundant in the rhyolite unit (Table 3.4.2b). This suggests the 
rhyolite unit to the north/north-east was not the source o f the clasts, and that other volcanic activity must 
have occurred prior to deposition o f the sediments. As plagioclase is typically altered to clay minerals 
before alkali feldspars (Phillips and Griffin, 1981), weathering could alternatively explain the lack o f 
plagioclase in the clasts. However, no plagioclase psuedomorphs were found in thin section, and rocks 
from the rhyolite unit in different stages o f weathering still contain plagioclase. A nearby volcanic source 
is also supported by the presence o f euhedral smoky quartz (similar to the rhyolite phenocrysts) in the sand- 
size fractions o f  many layers.
3.5.2 Mineralogy and Grain-Size Distribution
N o systematic treads or repetitive sequences were identified in the profiles o f  grain-size distribution and 
total m ineralogy in Figures 3.4.2c and 3.4.2d. While variations in grain-size distribution can be explained 
by any number o f  sedimentary processes, including lateral migration o f  stream channels or over-bank 
deposits, it is also possible that periodic eruptive events clogged drainages and altered depositional 
processes and lithologies. Several thin layers o f  fine-grained sediment contain abundant smectite in the 
clay fraction, that may be the weathering product o f an ash fall. I f  the above interpretation o f the 
paleoenvironm ent is correct, the supergene waters may have been acid from the breakdown o f plant 
material. In this case, an ash would usually alter to kaolinite and not smectite (Moore and Reynolds, 1997). 
However, variations in ash composition, climate, bed thickness and water percolation can all affect the 
w eathering products o f ash (Bohor and TripIeHom, 1993).
The illite (or fine-grained mica) could be either detrital from erosion o f sedimentary source rocks or a 
result o f  weathering o f  mica from the volcanic rocks (Fanning et al., 1989). Quartz grains found in the
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deposit probably come from a variety o f sources. The larger, almost euhedral grains are probably detrital 
phenocrysts from a nearby volcanic source. Fine to medium, sub-rounded grains are probably detrital 
products from nearby sedimentary rocks. The angular to sub-rounded feldspar grains are most likely also 
detrital phenocrysts from a nearby volcanic source.
As previously noted in Section 2.1.1 (Physical Properties), grain size strongly influences the behavior of 
ceram ic bodies during the shaping, drying and firing processes (Dondi et al., 1998). While classification 
schem es based on grain-size data are useful, efficient determination o f an end-use product for the material 
based only on grain size is not always possible (Dondi et al, 1998). By W inkler’s diagram (Figure 3.4.3e), 
the Blossburg deposit would be adequate for a majority o f building clay products. According to Dondi et al
(1998), the deposit would be adequate for solid and perforated bricks, hollow bricks, and hollow floor 
blocks. Had grain size distributions been included in the MBMG database, they would have factored 
heavily in the exploratory phase o f this work.
3.5.3 Site Characterization - Summary
I f  I reapplied the screening criteria described in Section 2.4 to the minéralogie data for the Blossburg 
deposit presented in Section 3, sample 528 would not have been selected as an ideal brick-clay deposit.
The M BM G data for sample number 528 (Table 2.5) describes a kaolinite and illite-rich clay resource with 
no smectite. Even considering the MBMG data from two other samples collected from the deposit (Table 
3.5.3, below), the clay mineralogy o f  the Blossburg deposit determined by the analyses o f  this study is quite 
different from that presented by the MBMG.
MBMG 
Sample Number Kaolinile
TABLE 3.5.3 -------- ----- -
MBMG Data for All Blossburg Clay Samples
(mineralogy given as classification values/chemistry as %)
MINERALOGY CHEMISTRY
Smectite Quartz Feldspar Illite SiO, Total AI , 0 ,  Fa CaO MgO Na^O K ,0 n o .
M B 3 0 4 Ü 3 6Ü.4U 1/.1U 1.SÜ UTZCT 0.81 ■ 0 .2 Ü " 3 .7 2 U.4U
0.30
0.10
WS* 2 2 4 1 2 71,00 13.00 1.80 0.00 0.60 0.20 2.30
5 3 0 2 0 4 4 3 84.00 7.00 1.30 0.20 0.60 0.20 1.90
AVbHAUb -J .J— Ü7 4,0 1.7 2.1 7 4 .5 12.4 1.5 O.T' '■" 0.7 " 0 .2 2 .6 U.3
The limited number o f samples collected for the MBMG database appear not to constitute a statistically 
valid representation o f the Blossburg deposit. Many sedimentary deposits are homogeneous and can be 
evaluated with some accuracy with only one sample. However, most are not and even several samples may 
not adequately characterize a deposit. Now in digital form, the MBMG minéralogie and chemical data can 
be utilized much more efficiently in preliminary exploration and unit characterization, but special caution
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should be exercised as the overall character o f  a deposit may be misrepresented by the limited number o f 
samples presented for a particular deposit.
Since the screening criteria developed in this project would have eliminated the Blossburg deposit if it 
had been adequately characterized in the MBMG database, one must question the quality o f that resource as 
a brick raw material. The following section addresses this issue and will be used to discuss the validity 
such selection criteria and the MBMG database have in the exploration o f a brick-clay resource and as a 
tool for identifying brick raw material.
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4. PART ÏÏI -  SITE EVALUATION AND MATERIALS TKSTTNC
As with all industrial mineral deposits, once a deposit has been identified and characterized, it is 
important to address the quantity and quality o f the resource.
4.1 METHODOLOGY
Resource-volume calculations were based upon surficial mapping and a resistivity survey o f the deposit. 
Cross-section and map-view figures were compared with the results from a limited resistivity survey in 
order to delineate the subsurface contact o f the resource with country rock. A 12-volt battery with a 250- 
w att converter powered the electrical resistivity survey. Readings were taken with an Iris Instruments 
Syscal R2 resistivity meter (transmitter/receiver) along a 30-meter dipole/dipole spread. Data were 
collected from approximately 500 meters along a transect bearing 017 degrees over the center o f the 
deposit (see Figure 3.4.1, Site Geologic Map). Closure o f  the National Forests in M ontana during the 2000 
fire season inhibited collection o f  more data.
M aterial testing was performed primarily by staff at the National Brick Research Center (NBRC) o f 
Clemson University and by pétrographie analysis by the author. Four 10-kg grab samples were collected 
from a stockpile at the base o f the Blossburg Pit using a hand shovel. This material was homogenized and 
analyzed for mineral content and grain-size distribution (see Methodology, PART II). This composite 
sample was labeled T B I. The results were compared with those from Table 3.4.3b, and once confirmed to 
be representative o f  the sediment from the pit, 20 kg were shipped to the NBRC for material testing and 
chem ical analysis. Tests performed by the NBRC, with corresponding methodology and standards, are 
summ arized in the table below.
TABLE 4.1 
MATERIAL TESTS AND METHODOLOGY 
PERFORMED BY THE NATIONAL BRICK RESEARCH CENTER
TEST 1 APPLICABILITY OF DATA II METHODOLOGY/REFERENCE
Saturation Coefficient 
(Cold/boiling water absorption)
Weathering properties o f  fired 
bricks
ASTM C67
Density Density o f  fired brick (strength and 
weathering characteristics)
ASTM C67
Porosity Porosity o f  fired brick (indicative 
o f mortar bonding characteristics)
ASTM C67
Efflorescence (soluble salts) Quality fired brick (indicative of 
surface scum formation)
ASTM C67
Percent Linear Change Deformation characteristics during 
firing
NBRC in-house; Clews, 1969
characteristics NBRC in-house/Clews, 1969
Percent Weight Loss 
(H .O , CO2 , SO2 , HF, SiP4)
Volatile losses during firing and 
emissions factors
NBRC in-house/Clews, 1969
Hydrogen fluoride (HF) 
M ass balance
Emissions factors Pyrohydrolysis (method designed by NBRC 
and submitted to EPA for approval -  in-press)
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I performed pétrographie analyses on thin sections from fired specimens to help assess the firing 
characteristics and minéralogie changes. The NBRC determined an appropriate firing range for the 
Blossburg clay to be between 2000 and 2050 degrees F through visual observation o f color from a 
“tem perature gradient bar” (Figure 4.1), Portions o f the 12 inch by 1 square-inch extruded bar were 
isolated and heated to different maximum temperatures as indicated in Figure 4.1. Thin sections were 
prepared from this bar at the intervals 1750, 1970 and 2100 degrees F. Four (4) other thin sections were 
prepared from test bars fired to 2050 degrees F,
Further chemical analyses to determine sulfur and carbon content for emissions standards and fuel 
content were performed by the staff at the Murdock Environmental Biogeochemistry Laboratory o f the 
University o f  Montana. Digestible sulfur content, along with 29 other elements, was determined by 
digestion o f  0.25 grams o f sample using modified EPA method 3050B (Acid Digestion o f Sediments, 
Sludges, and Soils) and subsequent analysis on an IRIS Thermojarrell ASH (ICAPES). Total carbon and 
nitrogen content were determined using a CE Instruments EA 1110 CHNS-O. These tests were performed 
on a set o f  four samples, including two from the material sent to NBRC and two from a composite sample 
representing a weighted ratio o f  the samples collected from the 16 meter section.
4.2 DATA
4.2.1 Electrical Resistivity Survey
Electrical resistivity readings are summarized in a table attached in Appendix F: Geophysical Survey 
Results. The results are graphically represented in Figure 4.2.1a and 4.2.1b, the latter adding data for 
topography. Unfortunately, due to closure o f the National Forests in Montana during the severe 2000 fire 
season, I was able to collect data for only one 500-meter transect.
Intrinsic resistivity values for the clay averaged 23 ohm-meters, as measured in the field directly above 
the main pit exposure to a depth o f 5 meters. Stein (1981) reported values for clay to be between 20 and 25 
ohm -m eters and for silty clay to be between 25 and 50 ohm-meters. Extrusive, felsic units from Tertiary 
volcanic rocks near Butte, M T have average resistivity values between 100 and 150 ohm-meters (Sill, 
personal communication, 2000).
4.2.2 Resource Volume Calculations
Resource volume calculations were based upon a mineable base-elevation o f 1,700 meters (5576’) and 
inference from resistivity results o f a horizontal contact with the overlying rhyolite unit (Trv). 1 took into
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FIGURE 4.1 : TEMPERATURE GRADIENT BAR. Numbers represent the maximum firing 
temperature (degrees F) for ftiat area of the bar.
\
Figure 4.2.4 (Discussed on p age  60): Dark Alteration Rims 
on Plagioclose "Phenocrysts".
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Figure 4 .2 .1 a :  P seudosection  o f r e s i s t i v i t y  va lu es (ohm-meters). Numbers are o f f - s e t  
s l ig h t ly  to  the r ig h t . The tra n sec t s ta r t s  to  the southw est (0) and goes to  the n o rth ea st (500) 
as shown in  Figure 3 . 4 . 1 a .  Values between 19 and 50 ohm-meters are in terp r eted  as T ertia ry  
sedim ents, 50 to  90 as weathered bedrock or Quaternary g r a v e ls , and above 90 ohm-meters as 
r h y o li t e .
4.'.
I
Figure 4 .2 .1b:  Same r e s i s t i v i t y  data as 4 . 2 . 1 a  but w ith  topographic co rrectio n  
v a lu es are in  ohm-meters and are o f f - s e t  s l ig h t ly  to the r ig h t .
R e s is t iv i t y
account both the measured (mapped) and indicated (resistivity survey) volumes when calculating reserves. 
The mineable area o f clay calculated through the extent o f the geophysical transect line is approximately 
33,700 m \  This value is based on the resistivity data, and does not include that area interpreted as gravels 
(light blue in Figures 4.2.1). Although it is likely that the deposit continues beneath the rhyolite unit, only 
those resources to the southwest o f the ridge shown in Figure 3.4.1 were considered in the calculations. 
Continuation o f this profile for a conservative estimate o f 300 meters in the northwest/southeast directions 
gives an approximate minimum o f 10.1 million m^ o f  mineable brick-clay material at the Blossburg 
deposit. An extensive drilling program is suggested for confirmation.
4.2.3 Material Testing (Physical Properties and Emissions)
Results from the particle-size analysis performed by the National Brick Research Center (NBRC) are 
presented in Table 4.2.3a. The raw material evaluation by the NBRC, including percent shrinkage, 
saturation coefficient, density and porosity are summarized in Table 4.2.3b. Percent weight loss for 
H2O/CO2 and S02/HF/SiF4 are presented in Figures 4.2.3a and 4.2.3b, respectively. Percent linear change, 
which represents shape distortions that occurred during firing, is plotted against temperature in Figure 
4.2.3c.
The NBRC tested for the presence o f soluble salts (or efflorescence) according to A STM C 67 
standards and reported a rating o f “not effloresced.” This meets the specifications set forth in ASTM  C 
216. The NBRC reported good plasticity, but also an abundant amount o f fine material (<2um) which 
resulted in some extruding difficulties and warpage during firing.
Hydrogen fluoride data, with a comparative “LOI” value (loss on ignition or percent weight loss), are 
reported in Table 4.2.3c. Fluorine is found within most brick-clay raw materials in concentrations ranging 
from 0.01 to 0.06 percent (EPA AP-42, 1997). Hydrogen fluoride (HF) and other fluorine compounds are 
form ed and released during firing and their emissions are an environmental concern.
Results from the analyses performed at the Murdock Laboratory are summarized in Table 4.2.3d and 
Table 4.2.3e. While much information is presented in the tables, the acid digest analysis (modified EPA 
m ethod 3050B) is not fully capable o f dissolving the silicate minerals. The data are presented primarily for 
the sulfur results, and can also be used for metal contamination analysis, but not whole-rock geochemistry. 
The analysis presented in Table 4.2.3e was primarily for total carbon, which includes inorganic carbon.
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TABLE 4.2.3A 
SEDIMENTATION ANALYSIS
Data Compiled by National Brick Research Center
SIZE (uM) PERCENT
TOTAL 100.00
CUMMULATIVE % 
RETAINED
(n
(0
3350.00 0.00 100.00
1400.00 1.52 98.48
850.00 3.05 95.43
1 600.00 1.91 93.52<
tu 300.00 4.57 88.95
s 150.00 5.91 83.04
(0 75.00 8.63 74.41
39.83 5.35 69.06
25.19 7.67 61.38
û:
LU
14.54 5.75 55.63
S 10.28 3.84 51.79
s 7.27 2.88 48.91o
(T 2.97 5.75 43.16
û
> 1.48 4.80 38.36
X < 1.48 um 38.36
Cumulative Percent vs Size
«80
0 500 1000 1500 2000 2500 3000 3500 4000
Size pm
TABLE 4.2.3B 
RAW MATERIAL EVALUATION 
Data Compiled by National Brick Research Center
Green Dried Fired Total
Sample ID Weight (g) Length (mm) Weight (g) Length (mm) % Shrinkage Weight (g) Length (mm) % Shrinkage % Shrinkage
1 215.30 100.00 180.20 93.90 6.10 171.40 90.00 4.15 10.25
2 214.60 100.00 179.90 94.50 5.50 170.90 90.20 4.55 10.05
3 207.90 100.00 174.20 93.90 6.10 165.70 90.10 4.05 10.15
4 209.70 100.00 176.10 94.00 6.00 167.70 90.20 4.04 10.04
5 205.10 100.00 171.80 93.70 6.30 163.60 90.20 3.74 10.04
7 208.40 100.00 174.30 94.20 5.80 165.80 90.50 3.93 9.73
8 206.80 100.00 173.40 93.90 6.10 164.70 90.40 3.73 9.83
9 205.90 100.00 173.00 93.80 6.20 164.70 90.20 3.84 10.04
10 203.40 100.00 170.90 93.70 6.30 162.60 89.60 4.38 10.68
11 203.80 100.00 170.80 93.70 6.30 162.90 89.50 4.48 10.78
Average = 6.07 165.40 90.10 4.08 10.16
Typical in southeast USA* 5 percent 5 percent 10 percent
Sample ID Fired Wt. (g) Cold wt. (g) Boil Wt. (g) Sus.Wt. (g) Cold Abs. % Boiled Abs. % C/B Density (g/cc) Porosity %
7 165.80 171.60 175.00 98.91 3.50 5.55 0.63 2.18 12.09
8 164.70 170.30 174.40 98.63 3.40 5.89 0.58 2.17 12.80
9 164.70 170.50 174.10 98.42 3.52 5.71 0.62 2.18 12.42
10 162.60 167.90 171.90 97.14 3.26 5.72 0.57 2.17 12.44
11 162.90 168.60 172.40 97.08 3.50 5.83 0.60 2.16 12.61
Average = 3.44 5.74 0.60 2.17 12.47
ASTM C 216 Specifications: < 8.0 < 0.78
Extruded in Lab extruder at 17% moisture content. 
Dried in lab oven at 110°C.
Fired in lab kiln at 2050°F.
* Frederick of NBRC, (2001) personal communication
Testing Methods in accordance with ASTM C 67
Cold Abs.% = Cold water absorbtion percent
Boiled Abs.% = Boiled water absorbtion percent
C/B = Saturation Coefficient, or (Cold Abs.%)/(Boiled Abs %)
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TABLE 4.2.3D
ACID DIGESTION OF SEDIMENTS SLUDGES AND SOILS 
Modified EPA method 3050B
Sample Name Date Time AI As 8 Ba Be Ca Cd Co Cr Cu Fe Hg K Li Mg Mn
Practical QuantiHatile Umit (mgA.) 0.04 0.05 0.Û1 0.003 0.001 0 2 0.005 0 005 0.005 0.03 0 08 0.05 0 4 0 005 0 4 0 04
Dillutlon-correcled concentrations (ppm)
TB-1A 3/7/01 11:27 12838 7.34 3.36 117.56 1.296 3424 0.18 6 8 17.4 11 7 13206 -0.1 2340 9.16 2568 148.6
TCOMP-IA 3/7/01 11:18 11924 898 5.4 97.68 1.246 3184 022 74 57.58 1392 15280 -018 2580 9 52 2744 193.76
TB-1 3/7/01 11:40 11314 4.76 242 118 02 1.19 3280 024 694 26 52 1126 13114 -044 2186 8 38 2394 179.66
T COMP-1 3/7/01 11:36 12176 10.02 5.42 94.02 1.206 3138 032 7.64 59.2 12.86 15126 046 2602 9 48 2746 191.74
Sample Name Date Time Mo Na Ni P Pb S Sb Se Si Sn Sr Ti TI V Zn
Practical Quantifiable Umit (mg/L) 0.01 0.1 O.Of 0.05 0.04 0.1 0.08 0.08 0 0 2 0.03 0.01 0.1 0.08 002 0.008
Dillution-corrected concentrations (ppm)
TB-1 A 3/7/01 11:27 0.36 85 84 6.38 7382 3596 35.56 19 1.08 1074 2 46 2328 2682 232 7 94 59.5
TCOMP-IA 3/7/01 11:18 1.18 111 26 7.66 97.82 392 69.06 1.72 2.4 446.2 3.8 21.74 2096 408 8 3 58.96
TB-1 3/7/01 11:40 0.34 85.78 6.24 66.54 34.84 37.12 1.08 238 639.4 402 2242 1468 3.74 67 55.92
T COMP-1 3/7/01 11:36 1.08 11026 7.32 97.66 38.22 6552 31 1.52 480 3.72 21.44 22 58 278 888 5818
VO
Table 4.2.3E
NITROGEN AND TOTAL CARBON
Sample Name Nitrogen Carbon
TB1 0.009SIB4 0.1819839
TCompI A 0.0107236 0.2676884
TCompI 0.0126533 0.2724209
T81A 0.0165577 0 2239127
TB1 Oup 0.0150036 0.1961308 
units -  % weight
TB -  Taw Bfkà Sample
Tcomp o Composite sample 1 weighted ratio)
Sample
Dry
Fired
LOI
(%)
0.0401
TABLE 4.2.30 
PYROHYDROLYSIS DATA 
(Analysis performed by NBRC using in-house methodology)
Fluoride Concentration 
(ug/g fired clay)
1361
413
Equivalent HF (ug/g fired clay) 
(ug/g fired clay)
1433
435
Mass Balance 
(Potential HF Emissions) |  
(ug HF/g Fired) (lb HF/ton Fired)
998 200
EPA AP-42 Factor Guideline 0.37 
Typical maximum value for brick-clay in southeast USA 0.75 
Typical maximum value for brick-clay in northeast USA 1.00 • 1.25
4.2.4 P é trog raph ie  Analysis
Although quartz, sanidine, and plagioclase “phenocrysts” inherited from the raw material appeared 
mostly unchanged by the firing process, I observed thin, dark alteration rims surrounding some o f the 
feldspar phenocrysts (Figure 4.2.4 on page 43). These rims are not present in samples fired below 2000 
degrees F. Small blades o f a mineral interpreted to be mullite based on its bladed crystal habit in thin­
section were present in those samples fired above 2000 degrees F. Formation o f red, fine-grained hematite 
increased with firing temperature and appeared to impart a foliated or lineated texture to the fired brick. I 
also observed development o f a glassy matrix between mineral grains with increasing temperature that is 
thought to represent vitrification o f  the fired brick.
4.3 IN TER PR E TA TIO N /C O N C LU SIO N S
4.3.1 Resistivity Survey and Volum e Calculations
Resistivity methods are useful in exploration situations where one hopes to differentiate between 
materials with different electrical conductivity properties (Hallof, 1980). More specifically, the high 
conductivity o f clays in comparison to the surrounding rock makes resistivity one o f the ideal geophysical 
methods to help delineate subsurface resources. Although Mitchell and Vincent (1996) site the ineffective 
cost o f  geophysical surveys, I believe the data collected in this report illustrate an efficient means to view 
subsurface contacts in the absence o f a drilling program.
In Figures 4.2.1a and 4.2.1b, I interpret resistivity values between approximately 19 and 50 ohm-meters 
as representative o f the Tertiary sediments (Ts) (see Section 4.2.1 for discussion on intrinsic resistivity 
values). Values between 50 and 90 ohm-meters are most likely weathered bedrock or Quaternary gravels, 
and those above 90 ohm-meters are representative o f the rhyolite unit (Trv).
While this survey lacks adequate map coverage and subsurface depth penetration (limitation o f the 
equipment used), it does provide a subsurface glimpse to help characterize the contact relationship below 
the rhyolite unit. I have inferred that this relationship consists o f  a sub-horizontal, rather than vertical or 
steep, contact between the rhyolite (Trv) and underlying Tertiary sediments (Ts). The cross-sections and 
volume calculations reflect this interpretation.
The estimate o f 10.1 million m^ o f  “clay” is a conservative approximation for the volume o f resource 
available in this deposit. The life o f such a resource depends entirely on production rates and resource 
allocation. For example, if subsequent testing suggests certain blending o f one part o f the deposit with a 
higher percentage o f  anoiher part for a better product, the longevity o f the resource will be affected. For 
the following life estimates presented in Table 4 .3 .1 ,1 assume unbiased utilization o f the deposit.
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TA BLE 4.3.1 
D E PO SIT  L IFE  ESTIM A TIO N S
PRODUCTION (per year) VOLUME OF MATERIAL** (m") LIFE (years)
5 million bricks 5,000 2,020
10 million bricks 10,000 1,010
20 million bricks 20,000 505
30 million bricks 30,000 336
45 million bricks 45,000 224
brick (-2.17 g/cc).
The Blossburg deposit appears to have enough reserves to substantiate the initial capital investment o f 
$12-20 million estimated to build a large-scale brick-production facility (Ainsworth et al, 1996; Bodmer, 
2000).
4.3.2 M ateria l Testing and  Em issions
The results for the particle-size distribution from the NBRC for sample TB l (Table 4.2.3a) are 
somewhat different from those measured by the Mastersizer for 3 aliquots o f the same material. Table 
4.3.2, below, compares these results.
TA BLE 4.3.2
C O M PA R ISO N  O F  PA R T IC L E  SIZE D ISTR IB U TIO N  
FO R  TEST M A TERIA L
ANALYTICAL METHOD < 2 um (%) 2-50 um (%) 50-2000 um (%)
NBRC (Dry Sieve and hydrometer analysis) - 3 9 - 3 2 - 2 9
M astersizer (Laser reading) average 28.5 51.4 20.1
M astersizer TB 1 -a 33.8 43.5 22.7
M astersizer TB 1 -b 3.1 71.4 25.5
M astersizer TB 1 -c 48.3 39.6 12.1
This discrepancy raises two questions: 1) are the grain size data in Table 3.4.3a and 4.2.3a valid? and 2) 
was the material o f  sample TB 1 tested by the NBRC representative o f the Blossburg deposit? Duplicate 
M astersizer analyses for the thirty-two samples from the Blossburg Pit (Table 3.4.3a) varied by less than 
one percent and the method thus yields reproducible results for those analyses. However, M astersizer 
analyses o f  3 aliquots o f  sample T B l (from the same material sent to NBRC) showed considerable 
variation in particle-size distribution (Table 4.3.2). This variation may result from the more heterogeneous 
grain size distribution in TB l than in each stratigraphie unit (Table 3.4.3a), which makes analysis with a 
laser more difficult than with a hydrometer. Although I had considered the material representative o f  the 
deposit, it appears that the material submitted to the NBRC had a higher percentage o f the fme fraction (< 2
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um). This can be explained by the relatively small amount o f material collected from the pit (as opposed to 
large-scale extraction) and perhaps that this material was more weathered than in-situ sediments.
The shrinkage values presented in Table 4.2.3b are consistent with industry norms. The 6 percent 
drying shrinkage compared with 5 percent typical for bricks produced in the southeast United States is 
probably a result o f  a higher smectite content. The C/B ratio (or saturation coefficient) is the cold-water 
absorption divided by the boiling-water absorption. This is primarily used to indicate weathering properties 
o f a fired product. The material from Blossburg is well within the maximum ratio o f 78% set by ASTM C 
216.
The weight loss figures (4.2.3a and 4.2.3b) show curves typical for the expulsion o f volatile 
components. Overall, approximately 4% o f the weight was lost during firing. This is comparable to the 
4.01%  Loss on Ignition (LOI) figure measured during pyrohydrolysis (Table 4.2.3c). These curves, along 
with Figure 4.2.3c, are important when designing the firing rates, ranges and maximum temperatures.
From analysis o f  optimal fired color and o f these graphs, Jim Frederic o f  the NBRC suggested a maximum 
firing temperature o f 2000-2025 degrees F (1079-1093 degrees C) with careful attention paid to the rate o f 
temperature increase during the quartz (SiOz) inversion at 573 degrees C (personal communication, 2001). 
The maximum firing temperature is important when considering fuel costs.
The lack o f  efflorescence indicates no “scum,” or soluble salts, will form on the surface o f the brick.
This suggests lower secondary costs associated with additives and treatments. (Barium carbonate is often 
added to render sulfates insoluble (Clew, 1969).) The fluoride concentration (Table 4.2.3c) on the other 
hand, is quite high and o f concern if the result is representative o f  the whole deposit. While the EPA has 
current guidelines (noted in Table 4.2.3c), newer regulations are expected within the next year (Frederic, 
personal communication, 2001). Further testing o f the fluoride concentration and potential HF emissions is 
suggested to confirm results and identify areas or layers o f possible concentrations. I f  the fluoride content 
cannot be controlled in the raw material, add-on control technologies have proven effective in reducing HF 
and SO2 emissions in several brick plants with minimal costs (EPA A P -4 2 ,1997).
The current guideline for SO2 emissions is 0.67 lbs/ton or 0.03% (EPA AP-42, 1997). The results from 
the acid digest analysis (Table 4.2.3d) suggest sulfur quantities between 0.007% and 0.014% SO2. This is 
well below the guidelines, but should be noted when calculations consider the contribution o f the fuel 
source. Carbon monoxide and carbon dioxide emissions are also regulated by the EPA. While total carbon 
emissions are most reliant on the fuel and type o f firing (e.g. reducing or oxidizing), the oxidation o f carbon 
from within the brick body will have a significant impact on emissions, as well as internal firing
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temperatures. The average weight percent o f carbon for material from the Blossburg deposit is 0.23 %. 
Further tests on the fired bricks are recommended for emissions calculations and to confirm whether 
removal o f carbonaceous matter would be complete.
Material strength has been quantified and expressed as compressive strength since standards were 
introduced in the industry. Although the compressive strength tests in ASTM C 67 were not performed on 
the material submitted to the NBRC, Frederick estimated the material would pass the minimum 3000 psi 
standard in ASTM C 216 (personal communication, 2001). He further explained that most bricks produced 
today can withstand 9,000 to 10,000 psi compressive strength and that strength characteristics are now 
typically quantified by the “Modulus o f Rupture” or flexure test. This test was not performed on the 
material, but preliminary assessment o f  the raw material suggests that it would also pass this test 
(Frederick, personal communication, 2001).
4.3.3 Pétrographie Analysis
The mineralogy and bulk composition o f a material affect mineral transformations and phase changes 
that occur during firing (Riccardi et al, 1999). These changes, which are akin to metamorphic reactions, 
influence the strength, secondary porosity, and other weathering characteristics o f a fired brick (Jordan et 
al, 1999). Rate, maximum temperature, and duration o f firing play an important role. Because elevated 
temperatures last a period o f days rather than years, the physical relationship o f  grains within micro sites 
affect the disequilibrium conditions that drive the reactions (Riccardi et al, 1999). The pétrographie 
analyses were intended to assess the mineral reactions and durability o f a brick fired from material from the 
Blossburg deposit. The test bricks were fired for raw material evaluation and kept at elevated temperatures 
for only 14 hours as opposed to 48 hours typical in most production facilities (Frederick, personal 
communication, 2001). The specimens were therefore not kept at an adequate temperature for a long 
enough period to permit equilibration o f  new phases. Further evaluation o f  specimens fired for extended 
periods o f time for the specific intention o f  minéralogie analysis is recommended.
4.3.4 Site Evaluation - Summary
Overall, the preliminary tests performed by the NBRC suggest the deposit to be o f  adequate quality for 
the production o f brick. The results show good firing characteristics, but the high proportion o f fines (<2 
um) did cause some problems during extrusion and some warpage during firing. As discussed, however, 
the material submitted to the NBRC may not be representative o f the grain size distribution for the entire
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deposit. With the exception o f the HF mass balance, the evaluations presented in Section 4 suggest the 
Blossburg deposit to have an adequate supply o f good material for a large-scale brick production facility.
While bricks can be made from the Blossburg resource, I refer to the resource quality as only “adequate” 
because o f modifications that would be needed in the material and/or forming process if it were to be used. 
These modifications, including addition o f  coarser material and extended drying times, would be needed to 
com bat the effects o f smectite, which include warpage and sticking during extrusion.
D ISC U SSIO N  AND CO NCLU SIO N S
For the production o f bricks, the Blossburg clay is adequate, and perhaps even good with modifications. 
But is it an ideal resource? Section 2 identified the minéralogie and chemical criteria that would constitute 
an ideal brick-clay material. Although represented as ideal in the MBMG database. Section 3 described a 
deposit that does not fit those criteria. While the resource can be used to make brick, Section 4 identified 
problems during extrusion and firing.
From these interpretations, I infer that the selection criteria developed in this study and described in 
Section 2 are valid. If  the deposit had been accurately represented in the MBMG database originally, it 
would not have passed the minéralogie and chemical filters described in Section 2.4. The main problem or 
obstacle in the application o f the selection criteria at this point is the nature o f the data in the MBMG 
database. It appears that the small number o f  samples collected for the MBMG database, as previously 
discussed in Section 3.5.3, is inadequate for representation o f a heterogeneous deposit. Therefore, many 
deposits described in the MBMG database may be inadequately characterized.
Although limited, utilization o f the MBMG database can make preliminary exploration much more 
efficient. M ore case studies o f sites from the MBMG database would help define the accuracy and 
applicability o f  the database, and further investigations are recommended. Application o f  the selection 
criteria for a brick-clay resource (Table 2.4a and 2.4b) on other databases, such as that published for 
southwest Pennsylvania (O’Neill and Barnes, 1979), is also recommended. Studies such as these will 
continue to advance our knowledge o f the raw material and improve standards used in the selection o f a 
brick-clay resource.
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Introduction
At the beginning of the twentieth century, almost every town in Montana had a brewery and a 
brickyard. Although local breweries made a comeback in the 1990's, the last brick-maker did not 
survive beyond the 1970’s. Social and engineering factors have influenced the decline in the brick 
market, but the new buildings around campus and town are a testament to a renewed demand for 
the product. Those bricks around town are imported into Montana. Transportation costs alone 
suggest that a more localized facility might possibly out-compete imports from other states or 
Canada.
Opportunities 
Increasing Demand
The strong U.S. economy has significantly increased the amount of both commercial and 
residential construction. Paralleling this increased level of construction has been a renewed 
emphasis in the quality and durability of the materials used in these buildings. Clay brick buildings 
have always been valued for their beauty, low maintenance costs, and lasting durability. 
Accordingly, the market has seen a dramatic increase in the use of brick in both commercial and 
residential construction in recent years.
The booming construction industry coupled with several natural disasters has created a serious 
brick shortage nationwide since 1997. In 1998, bricks were 8 months back ordered across the 
nation, which forced architects and masons to substitute cultured stone veneer in place of brick. 
Today, cultured stone has made a resurgence in popularity due to the brick shortage and is 6 
months back ordered. Nonetheless, there continues to be a 6-month shortage of bricks. 
Interestingly there hasn't been a substantial increase in brick prices in conjunction with this 
shortage.
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The largest demand for bricks in the western U.S. is in the high growth areas of the southwest, 
including southern California, Las Vegas, and Phoenix. Other western cities demanding high 
numbers of bricks include Denver, Seattle, and Salt Lake City.
Demand for clay brick (building, common or facing) in the seven intermountain states (Arizona, 
Idaho, Montana, Nevada, New Mexico, Utah and Wyoming) increased from 130.6 million in 1998 
to 150.0 million in 1999, an increase of 14.8 percent.’ It is estimated that brick demand in 
Montana increased about 8 percent last year.^ This pace is expected to continue as long as the 
economy remains healthy and the population growth trends continue at the current 1 percent per 
year. Approximately 4.5 million clay bricks were used in Montana in 1999 and this year it is 
estimated that Montana will use 4.86 million bricks. If these trends continue, it is probable that 6.3 
and 6.6 million bricks will be needed in 2005 and 2010 to supply the growing demand.
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Figure 1 Past and Future Brick Demand in Montana, 1970-2010
Demand in Montana is greatest in Billings, Helena. Butte, and Missoula, which are considered 
“brick towns”. Bozeman, Kalispell, and Great Falls appear to use more cultured rock veneers 
because it is aesthetically more pleasing alongside the more rustic look of log cabins and appears 
to be the desired look in these communities.
* http://www.census.gOv/ftp/Dub/industrv/l/mq32d995.Ddf. May 2000 
 ̂Personal Communication with Montana brickyards. May 2000
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Better than 90 percent of the bricks used in Montana are trucked into the state from the following 
production facilities:
■ Mutual Materials, Spokane, Washington
■ IXL Manufacturing, Spokane, Washington
■ Interstate Brick, near Salt Lake City, Utah
■ Denver Brick, near Denver, Colorado
■ Robinson Brick, Denver, Colorado
■ Endicott Clay Products, Fairbury, Nebraska
■ Hebron Brick, Hebron, North Dakota
■ Sumas, Abbottsford, British Columbia
In talking with the major brick dealers across the state it was determined that freight costs about 
$0,083 per mile per 1000 bricks. Figure 2 identifies the average freight charges for 1000 bricks 
from the major producers to the major brick towns in Montana. Freight costs are only calculated 
for the producers presently supplying bricks to these major brick towns. In 1999, the average 
Montana brick cost $0.2485 each up 3.3 percent from $0.2405 in 1998. One thousand bricks cost 
about $250. Freight costs amount to 23% of the cost of bricks produced in Fairbury, Nebraska 
and sold in Billings and 6% for bricks produced in Spokane and sold in Missoula. The average 
freight cost is about 14% of the cost of bricks in Montana.
Bureau o f  Business and Economic Research, The University o f Montana-Missoula. 2000
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Figure 2 -  F reight Costs ( per 1000 bricks)
Threats
The greatest hurdle for a clay brick production facility in Montana is the startup cost of 
approximately $20 million. Like much of the manufacturing in the United States, the clay brick 
industry today is a product of many years of consolidation. The thousands of brickyards at the 
turn of the century have been consolidated into the 150 or so remaining facilities, nationwide. 
These surviving plants are the most efficient and thus were able to out-compete those that failed. 
Economies of scale and modernization are the primary reasons for these increased efficiencies. 
The process of consolidation continues today in this industry. The prevailing logic today is that a 
plant must produce in excess of 40 million bricks per year to be competitive. The larger, more 
efficient operations in Denver, Sait Lake City, and Spokane produce in excess of 80 million bricks 
annually. While there are still some facilities that are competing and producing less than 40 
million bricks, their facilities are aging and incapable of producing with the same efficiency as the 
plants that have invested heavily in retooling their facilities. Last year the brickyard in Hebron,
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North Dakota, invested $10 million upgrading their manufacturing process in order to remain 
competitive.
Freight Costs
Montana is a very large state and there will still be substantial freight costs associated with any 
bricks manufactured in state. The production facility would need to be located near the clay mine. 
If the plant were located in Lewistown, there would still be freight charges of $11, $16, $20, and 
$23 per 1000 bricks to Billings, Helena, Butte, and Missoula respectively. This is a minimal 
savings over the current freight costs associated with out-of-state production.
Substitute products
The major use of clay bricks today is as a finish veneer on commercial and residential buildings. 
In this use, brick principally competes with cultured rock, stucco, and wood siding. Concrete 
bricks do not compete in this use because they do not have the structural strength of clay fired 
bricks. Bricks are also used as a paving or patio construction material. In this case, concrete 
based bricks have almost exclusively replaced clay brick because of their lower cost and ready 
availability. Concrete based brick and block manufacturing facilities have startup costs, which are 
15% of the startup costs of a clay brick plant. For this reason, there are many more concrete brick 
production facilities in the region and freight is much less of a factor. Accordingly, almost all 
pavers are made from concrete products rather than clay brick. Still, there are no concrete brick 
manufacturers in Montana either.
Conclusions
There was considerable interest among Montana’s retail brickyards in the idea of a quality brick 
manufacturing facility in the state. Many of the retailers are not happy with the quality of the brick 
product they are receiving today. They know there are much better bricks available but the 
producers are outside the immediate region. In these cases, the freight costs make the product 
more expensive and builders are willing to use the less expensive brick. Endicott Brick of 
Endicott, Nebraska, and Sumas Brick in Abbotsford, British Columbia are producing the best 
quality bricks in the area. While some brick is being imported into Montana from these producers, 
it is less than 3% of the total.
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In order to compete with the present competitors, a clay brick production facility capable of 
producing at least 40 million bricks per year would have to be constructed at a cost of $18 to $23 
million. With the present demand for brick in Montana at about 5 million bricks this year and 
projected to be only 6.6 million in 2010, 85% of the production would have to be marketed outside 
of Montana, in markets already being served by more local production facilities.
The existing brick kilns around the country have been around for many years because of the high 
initial capital investment and low returns. The last new startup in the U.S. was in a major brick 
market, Chicago, Illinois in 1982.'* There is little chance that any clay brick manufacturing facility 
could survive, even if the mineral and structural qualities of the clay, raw material produced a 
stronger brick.
** Personal communication Jim Forzley, Forzley Sales, Great Falls, MT May 2000
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APPENDIX B 
MBMG DATABASE
(Berg et al, 1968, 1970, and 1973; 
Cheiini et al, 1965 and 1966; 
Sahinen et al, 1958, 1960, and 1962).
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1 2 2 4 2 2 0 0 0 0 0 0 0 72 30 1360 360 060 0.30 0 70 2 10 0.70 J 10 30N 31W
2 4 2 4 2 2 0 0 0 0 0 0 0 6060 20 70 3 10 060 1 00 230 260 060 1 9 26N 33W
3 2 2 4 2 2 0 0 0 0 0 0 0 7060 1660 260 360 070 210 290 030 3 20 26N 32W
4 2 2 4 2 2 2 0 0 2 0 0 0 7000 13 10 300 200 1.10 1 60 260 0.30 20 26N 32W
S 0 2 4 4 0 0 0 0 0 0 0 0 74 60 1370 250 0.40 000 1 30 1 60 050 2 8 2N 26W
e 4 2 4 2 2 0 0 0 0 0 0 0 67 40 1770 210 120 060 070 300 0.60 2 21N 29W
7 0 . 0 4 2 2 2 0 0 0 0 0 0 69 20 17 20 420 6 60 300 230 260 020 2 Gtacul lak* SedmanU 24 21N 21W
e 2 2 4 2 2 2 0 0 2 0 0 0 6120 1700 2.90 270 1 30 240 200 060 2 Glacial lake Sadimtnit 27 I9N 2IW
8 0 0 4 2 2 2 0 0 0 0 0 0 67 60 11 90 220 670 000 1 50 200 060 3 2 16N 20W
to 0 2 4 2 2 2 0 0 0 0 0 0 67 30 1360 1.60 330 0.90 1.60 1 50 060 1 12 22N 2IW
II 2 2 4 0 0 2 0 0 0 a 0 0 66 00 080 2 30 4 10 0 70 1.30 270 020 1 14 2N 31W
12 2 0 4 0 4 2 0 0 0 0 0 0 67 20 19.70 3.10 4.30 330 1.40 400 036 Glacial Laka SadunanU 21 22N 24W
11 2 2 4 2 2 2 0 0 0 0 0 0 69 40 17 40 390 300 330 0 30 060 0 30 3 Glacial Laka Sadunania 1 13N 20W
14 2 4 2 0 0 0 0 0 0 0 0 0 4160 27 20 7.00 1 60 220 0.10 620 070 1 16 13N 15VV
IS 2 4 4 2 2 0 0 0 0 0 0 0 6610 1600 4.00 1.10 040 1.40 280 1.60 1 26 14N 30W
16 2 4 4 2 2 0 0 0 0 0 0 0 69 20 2010 340 ISO 060 1.60 270 040 0 6 ION 19W
17 0 4 2 2 0 0 0 0 0 0 0 0 67 20 23 40 260 200 1 90 1.60 1.10 040 9N 20W
16 0 2 2 4 0 0 0 0 0 0 0 0 67 00 1960 260 220 1 60 1 30 1 70 040 16 5N 20W
18 2 4 2 0 0 0 0 0 0 0 0 0 62.30 1420 260 1.90 1.60 0.10 1.60 0.40 1 33 4H 21W
20 2 4 4 0 0 0 0 0 0 0 0 0 46 60 13.70 220 070 010 1 00 1 60 0.40 1 31 4N 21W
21 2 0 4 4 0 0 0 0 0 0 0 0 67.00 1390 2 10 070 010 6 20 0 60 0 30 PIcisloceca Glacial till 30 4N 21W
22 0 0 4 2 4 0 0 0 0 0 0 0 6060 1910 290 1.40 160 270 2 60 0 15 0 16 9N 19W
23 0 0 4 4 0 0 0 0 0 0 0 0 70 30 14 60 220 060 060 1 00 1 90 016 I7N 15W
24 0 0 4 4 0 0 0 0 0 0 0 0 7360 1240 000 000 000 1.70 2 10 020 22 20N UE
2S 0 2 4 2 0 0 0 0 0 0 0 0 76 60 1090 260 0 60 030 000 000 020 2 22 20H 17E
26 0 0 4 4 2 2 0 0 0 0 0 0 6240 640 160 090 080 0.60 2 10 0 30 2 16N ISW
27 1 2 4 2 2 0 0 0 0 0 0 0 74 70 11 60 200 1.10 0 60 0 70 160 060 0 29 15N 13W
26 0 4 4 2 2 0 0 0 0 0 0 0 6870 1660 330 2.30 040 1 10 060 0 70 0 19 13N tow
29 0 4 4 0 0 2 0 0 0 0 0 0 66 90 11 40 220 6 00 1.10 060 000 0 20 0 Thraa f  oika SItala 11 UN 12W
30 0 4 2 2 0 2 0 0 0 0 0 0 66 60 1600 360 4.30 060 0.60 0.30 0.60 1 II UN I2W
31 4 1 4 2 2 0 0 0 0 0 0 0 60 60 26.30 660 1.60 0 40 090 2 10 090 1 Colorado Shala 34 UN 12W
32 0 0 4 0 2 2 0 0 0 0 0 0 69 60 14.00 690 220 0 70 060 1 20 012 Allaiad Colorado Shala 24 5N IIW
33 2 0 4 2 2 2 0 0 0 0 0 0 66 80 14 60 360 960 240 060 1.60 012 Colorado Shala 24 5H IIW
34 2 0 4 2 2 2 0 0 0 0 0 0 69 30 1640 300 1 40 070 090 1.30 012 3 25 5N IIW
35 4 0 4 2. 0 0 0 0 0 0 0 0 1 30 5N low
36 0 4 2 2 2 0 p 0 0 0 0 0 60 30 1630 000 000 000 000 Taitiary Sadimanlt 9 2N 12W
37 0 4 2 0 0 0 0 0 0 0 0 0 60 00 24.20 260 1.00 0 70 000 0.40 I 6 4N 14W
36 0 2 4 4 0 0 0 0 0 0 0 0 1 madiaiadliiitla quart! moiuanrta (aandfl 26 3N 8W
39 0 4 2 2 0 0 0 0 0 0 0 0 66 60 1760 220 260 300 1.40 1.70 016 24 5N 1W
40 4 0 4 1 4 0 0 0 0 0 0 0 66 20 20 60 200 0 60 1 10 030 330 062 2 18 5N IE
41 2 0 2 2 0 0 0 0 0 0 0 0 64 30 1700 1260 060 060 160 240 091 1 Grayaon (Sail) 36 2N 3W
42 2 0 4 0 4 0 0 0 0 0 0 0 6260 20.30 930 0 70 120 160 250 090 3 Grayton (Oakl 31 2N 2W
43 2 0 4 0 4 2 0 0 0 0 0 0 66.40 20 30 6.60 200 250 0.00 0 00 0 60 3 Thraa fork* Shala 18 2S aw
44 0 2 4 0 2 2 0 0 2 0 0 0 61.70 13.60 6.30 6.60 1.70 0.00 0 60 3 Koolanal 23 2S low
45 0 2 2 0 0 0 0 0 0 0 0 67 60 1630 600 2.40 160 0 60 1 II 2S 8W
44 0 2 4 4 0 0 0 0 0 0 0 0 64 60 14.10 2.00 160 0.00 000 13 IN 14W
47 0 2 4 4 0 0 0 0 0 0 0 0 6640 16 30 1.00 1 60 020 010 360 0 30 3 22 2S I5W
46 0 2 4 4 0 0 0 0 0 0 0 0 68 90 1780 2.10 1 60 0.20 1 40 210 0.30 3 22 26 ISW
49 4 4 2 2 0 0 0 0 0 0 0 63 60 25 60 670 1.10 000 030 000 0 60 5 35 6S I2W
SO 0 2 4 4 2 0 0 0 0 0 0 0 66 40 16.10 OOP 000 000 000 000 14 7S IIW
SI 0 2 2 0 0 0 0 0 0 0 0 64 00 21.10 0.00 000 o o o 34 6S tow
S2 0 S 0 0 0 0 0 0 0 0 0 0 48 40 2410 3.60 240 0.00 1 lOS u w
S3 0 5 0 0 0 0 0 0 0 0 0 0 48 00 24 70 340 220 000 000 1 1 10S IIW
S4 2 2 2 0 0 0 0 0 0 0 0 6740 22 50 3 60 1 10 000 0 30 200 0 40 36 I I S 12W
ss 0 2 4 0 0 0 0 0 0 0 0 0 60 10 700 120 000 000 000 000 000 1 36 u s I2W
56 0 0 4 2 1 0 0 2 2 0 0 0 69.10 20 70 290 250 0 10 360 1 80 060 Colorado Shala 27 32N 2W
57 0 2 4 2 2 2 0 2 0 0 0 0 67 20 1620 260 3 60 090 1 SO 200 060 Colorado Shala 20 31N 2W
56 2 2 4 2 0 2 0 0 0 0 0 0 6260 1420 300 360 070 3 90 1.60 070 1 Glacial TiN 20 31N 2W
59 0 2 2 0 c 0 0 0 0 2 0 60 60 1820 2 60 1 20 0 10 1 40 150 0 60 4 Judith River 7 32N I6E
60 2 2 4 2 2 0 0 0 0 0 0 0 63.70 1690 3.30 1 70 020 1 60 2 30 0 60 3 Colorado Shala 27 24N 9E
61 0 4 1 1 1 0 0 0 0 0 0 6340 1290 280 620 1 50 1.70 1.60 040 Glacial Tid 22 24N 9E
62 0 4 4 2 0 0 0 2 0 0 0 0 49 00 26 00 360 000 0 00 000 000 000 1 Claggoh Shale 4 26N 10E
63 0 4 2 0 0 0 0 0 0 0 0 0 61 60 20 60 3 60 1 00 3.40 1 90 1 90 040 1 Glacial lake Gieai Fadi 34 2IN 4E
64 0 4 2 0 0 0 0 0 0 0 0 0 61 00 22 00 400 160 2.50 1 40 200 0.40 1 Glacial lake Great Fads 7 20N 4E
65 0 4 2 0 0 0 0 0 0 0 0 0 62 60 22.30 4 60 220 260 1 40 220 0 56 1 Glacial Lake Great Fade 20 2IN 2E
6 6 0 4 2 0 0 0 0 0 0 0 0 0 6670 1930 420 420 2.70 1 70 200 060 1 Glacial Lake Gieal Fads 20 21N 2E
67 4 D 4 0 0 0 0 0 0 0 0 0 46 60 2900 620 040 0.70 0.70 1 00 0 76 3 31 I8N 7E
66 4 0 4 0 4 0 0 0 0 0 0 0 61 00 26 80 4.10 040 0.60 0 60 1 20 064 3 26 I9N 6E
69 0 0 I 1 0 0 0 4 0 0 0 0 4 30 1 00 060 32 30 000 040 OOO 000 1 26 19N 6E
70 4 0 4 0 0 0 0 . f i 0 0 0 44 70 30 40 060 060 000 040 000 1.12 12 14N lOE
71 0 4 2 2 0 0 0 0 0 0 0 69 30 27 00 1 70 010 020 1 to 060 060 3 Koolanal 31 19N 7E
72 4 4 2 0 0 0 0 0 0 0 0 p 63 80 26 20 300 1 00 0 40 000 000 0 70 2 24 UN 6E
73 4 0 4 0 0 0 0 0 0 0 0 0 63 00 27 40 070 060 000 0 40 040 020 6 Ellit 12 24N 24E
o
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74 4 0 2 0 0 0 0 0 0 0 0 0 4540 3910 0 57 0 35 0 32 043 0 37 026 12 16N 17E
75 2 0 4 4 4 0 0 2 0 0 0 0 56 50 13 00 290 6 60 2 60 1 90 400 0 15 3 17 5S 23E
76 2 0 4 4 4 0 0 2 0 0 0 0 57 20 14 60 270 4 30 2.40 1.70 200 0 15 3 17 5S 23E
77 2 0 4 4 4 0 0 3 0 0 0 0 60 00 1370 260 460 260 160 160 015 3 1? 5S 23E
76 2 0 4 4 4 0 0 3 0 0 0 0 50 60 13 40 270 5 10 0 70 160 2 10 0 15 3 17 5S 23E
7ft 0 4 4 4 2 2 0 0 2 0 0 0 54 40 13.10 230 6 50 340 200 1 20 010 1
to 2 2 4 4 4 2 0 0 0 0 0 0 56 80 14.30 510 2 40 070 1.80 1.40 010 3
ei 2 0 4 2 4 0 0 0 2 0 0 0 66 50 1735 300 075 200 069 326 3 33 2N 41E
62 2 0 4 2 4 0 0 0 2 0 0 0 60 05 1575 2.70 3 60 400 1 02 294 3 33 2N 4 IE
63 0 4 4 2 2 0 0 0 0 0 0 0 57 60 1960 350 1.40 2.10 3 30 260 060 1
64 2 0 4 0 2 2 0 0 0 0 0 0 42.10 14 10 1 90 15.30 4 30 1.10 210 060 2 6 18N eoE
65 0 0 0 0 0 0 0 0 0 0 0 0 1 Pwli* $h«l« 21 14N 55E
66 0 3 4 4 2 0 0 0 0 0 0 0 64 00 14 40 3.20 350 1 20 4 60 2 10 040 0 35 2N 4W
67 4 0 1 4 0 0 0 0 0 0 0
66 0 4 2 0 0 3 0 0 0 0 0 0 6960 14 10 120 130 070 230 270 045 TiftMiy
68 0 3 4 2 3 1 0 2 0 0 0 0 67 60 1600 320 6.00 4 60 1.70 230 0 75 3 Ci4| t̂on 5 UN 3W
BO 2 0 4 2 3 0 2 0 0 0 0 0 54 00 1200 250 0.70 2.50 2.10 220 0 50 3 35 18N 56E
81 3 0 4 0 3 0 0 0 0 0 0 0 60 00 17 20 620 0.40 0 60 0 40 1 90 004 2 04» 25 2N 4W
63 1 0 4 0 3 0 0 0 0 0 0 0 66 00 23 40 160 0 40 020 220 1 40 0 30 2 Kool 41)41 12 4N 2E
83 4 0 4 0 3 0 0 0 0 0 0 0 73 30 16 10 1.40 0 30 0 20 2 40 1.40 0 75 3 KooKnai 12 4N 2E
84 4 0 4 0 3 3 0 0 0 0 0 0 60 60 19.10 360 4.30 020 0.60 1 30 050 3 Koolanal 25 25 6E
85 1 0 4 0 3 0 0 0 0 0 2 0 57 60 2420 3.90 120 020 090 2.30 050 3 Koolanal 25 2S 6E
86 0 4 0 0 0 0 0 0 0 60 70 17.30 3 60 2.00 0 20 2.90 2.10 0 60 2 HatCl 6 2S 19E
87 1 3 4 3 0 0 0 0 0 0 2 0 59 70 1970 4 40 1.20 0 20 2 30 200 0 60 He8Ci 24 2S 19E
86 0 4 4 4 0 0 0 0 0 0 0 0 59 30 20 00 3.70 2.30 0 20 1.20 1.50 060 1 JuOMi Rival 22 3S 21E
88 0 4 4 2 0 0 2 0 0 2 0 6610 16 10 3.20 170 020 240 1.60 060 1 Judith Rival 16 45 22E
100 3 4 4 0 0 1 0 2 0 0 0 0 54 50 19.20 4.10 200 0 20 050 1 80 050 1 FI Union 5 65 2IE
101 2 3 4 2 0 0 0 4 0 0 0 0 56 30 2150 390 1.10 0 20 050 1.60 0 50 3 Ft Union 5 BS 2IE
102 1 3 4 1 2 0 0 2 0 0 2 0 5010 19 80 260 450 0 40 050 150 0.65 2 FI Union 4 85 21E
103 1 3 4 1 3 0 0 3 0 0 0 0 62 30 1550 360 200 0.20 050 2.10 0.70 3 Codï 16 65 24E
104 1 3 4 1 3 1 0 2 0 0 0 0 61 00 1700 500 2.00 1 50 0.10 3 60 070 1 Cody 16 6» 24E
105 2 2 4 1 0 0 0 2 0 0 0 0 63 40 1470 3 20 1.60 070 1.00 2.10 0 50 4 Fionliai 15 65 24E
106 1 3 4 4 2 3 0 2 0 0 0 0 63.00 14.10 3.10 400 260 1.30 180 0.30 Niobiaia 16 55 23E
107 1 4 1 2 3 0 3 0 0 0 0 56 60 15 20 260 4 60 260 2.00 0.90 0 40 2 Judah Rival 3 IN 26E
106 3 4 3 3 3 0 2 0 0 0 0 68 20 1750 320 060 3 10 1.30 3.00 0 30 2 Ft Union 15 SN 26E
108 3 3 4 2 - 2 0 0 2 0 0 0 0 59.10 16 10 300 4.20 1.10 060 190 050 4 Fi Union 15 5N 26E
110 2 4 2 2 4 2 0 0 0 0 0 52 60 13 30 4.40 500 330 0.70 2.20 0.50 2 FI Union 15 5N 26E
111 3 4 2 3 3 0 0 0 0 0 0 54 00 19 00 4 50 4 10 350 1.70 060 060 2 Ft Union 23 611 26E
113 2 4 4 2 2 2 0 2 0 0 0 0 57.70 19.10 420 220 400 200 140 060 Beaipaw 29 ION 31E
113 0 3 4 2 0 2 2 3 0 0 0 0 55.40 1670 430 160 200 2 10 060 0 70 1 Beaipaw 13 9N 35E
114 1 4 4 2 2 1 2 0 0 0 0 0 60.50 16 50 2 70 1 10 1 30 160 120 0 70 0 Lebo Shala 7 3N 41E
115 0 4 4 0 2 0 0 2 2 0 0 0 59 60 20 00 2 20 100 0 40 2 10 090 030 0 Labo Shala 6 3N 41E
lie 0 4 4 3 2 2 0 0 0 0 0 0 59 70 1590 250 300 200 1 60 170 0 40 0 Judah Rival 20 7N 39E
117 1 4 4 3 2 0 2 2 0 0 0 0 57 40 1500 260 400 2 10 1.10 160 0 30 2 Judith Rival 28 7N 39C
116 1 4 4 2 2 2 2 0 2 0 0 0 56 60 1950 4 00 1.00 0.70 050 130 0 30 1 Baaipavi 1 6N 39E
118 0 4 4 3 3 1 0 0 2 0 0 0 70 00 1530 270 100 1 40 090 1.70 060 2 Ft Union 22 6N 43E
130 0 4 4 2 2 0 2 0 0 0 0 0 55 10 1660 340 120 3 20 1.70 1.10 0 70 0 FI Union 12 6N 44E
121 1 4 4 2 2 2 0 0 2 0 0 0 60 10 17 70 300 1 00 1 20 1 90 0 30 0 60 0 Labo Shala 32 7N 46E
122 0 4 4 2 0 2 0 2 0 0 0 0 56 30 1960 400 1 60 1 60 1 60 1 to 050 0 Ft Union 26 BN 4BE
123 1 4 4 2 0 1 0 0 0 0 0 0 59 00 20 00 360 3.70 1 30 1.50 060 060 0 26 BN 4BE
124 1 4 4 3 0 0 0 2 0 0 0 0 57 20 1660 4.70 1 40 1 70 1 SO 060 0 70 0 Ft Union 12 7t1 5BE
135 0 4 4 2 2 0 0 0 0 0 0 0 55 00 1660 3 50 1 90 1 SO 090 060 060 0 Piaiia Shala 31 BN 60E
126 1 4 4 2 4 1 0 0 0 0 0 0 72 00 17 10 1 90 1.40 1 80 1.10 120 050 2 Ft Union 6 ION 60E
127 2 4 4 2 2 0 0 0 0 0 2 0 56 20 15 60 300 100 1 20 1.40 1 00 060 0 Ft Union 36 16N 56E
126 2 4 4 2 2 0 0 0 0 0 2 0 61.20 17 70 3 70 0 80 1 50 060 1 00 0.70 0 Fi Union 36 16N 56E
128 0 4 2 4 0 0 2 0 0 0 0 63.10 16 30 350 050 090 2 to 290 0 60 3 Fi Union 36 16N 56E
130 2 2 4 2 4 2 2 0 0 0 0 0 5340 16 30 300 6 40 400 1.10 250 040 2 FI Union 12 22N 5BE
131 2 4 4 2 4 2 0 0 0 0 0 0 57 30 15 40 270 630 330 1.30 2.10 040 2 Ft Union 12 22N SBE
132 0 3 4 2 1 4 0 0 0 0 0 0 50.60 15 50 2.90 6 70 5 10 1.20 160 050 3 Ft Union 4 22N 51E
133 2 3 4 2 4 2 4 0 0 0 0 0 50 90 1640 3 10 550 360 100 250 020 2 Fi Union 4 22N 54E
134 1 4 4 2 4 2 4 0 0 0 0 0 5100 15 50 2 70 600 490 1.50 200 040 4 FI Union 4 22N 54E
135 2 4 1 4 4 4 0 0 0 0 0 47 40 15 50 260 10 20 360 1 50 2 50 045 2 Fl Union 4 22N 54E
136 , 4 2 4 4 4 0 0 0 0 0 63 40 16 50 260 2 20 0 10 1.40 2.30 050 2 Fl Union 16 1BN 43E
137 0 4 4 1 2 0 0 0 2 0 0 0 6160 2000 3 30 0 60 080 200 0 60 060 0 FI Union 9 IBN 39E
136 1 2 4 2 1 1 0 0 2 0 0 0 57 70 19 00 4 30 1.60 170 1 10 250 060 4 Fl Union 8 1BN 39E
138 0 4 4 2 0 0 0 2 0 0 0 0 63 50 1740 4 20 1 10 1 10 1 20 0 60 060 0 Fl Union 15 IBN 37E
140 1 3 4 2 0 0 0 0 0 0 0 0 61 10 16 50 3 30 220 200 1 60 1 50 050 2 Fi Union 15 1611 37E
141 1 1 4 2 3 4 0 0 0 0 4 0 5900 1460 260 400 280 1.60 1.60 040 0 Coloiado II 14N 30E
142 1 3 3 2 2 0 0 0 0 51 00 15 10 320 6 60 2 20 1 60 1.30 040 0 Coloiado 11 3E
143 0 4 2 4 3 2 0 0 0 0 0 57.40 1500 3 30 470 260 200 1 40 0 30 0 Cla99811 33 711 22E
144 0 3 4 3 3 1 2 0 0 0 0 60 70 14 SO 300 3 30 2 10 2.20 160 030 2 Judah Rival 13 BN 14E
145 2 3 4 1 3 4 2 0 0 0 0 0 54 60 1400 350 700 3 30 200 1 SO 030 4 Eagla 18 BN H E
146 4 0 4 0 4 % 0 0 0 0 0 0 49 70 27.00 5 70 1 70 200 1.40 2 10 085 3 Be* Shala 9 9N lOE
147 I 0 4 2 3 0 0 1 0 0 0 0 67 50 16 70 3 20 1.20 1 80 1.20 270 0 40 0 Bab Shala 9 10E
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222 3 1 4 3 4 4 0 0 0 0 3 0 55 30 1060 4.10 0 50 1.40 2.40 3.40 050 3 Spokani Stull 29 11N 4E
23} 0 0 4 4 4 0 0 0 3 0 0 0 67 30 1660 350 060 1.50 1.10 3 40 050 3 Spokine Shall 9 7N 6E
234 4 0 4 3 4 0 0 0 2 2 2 0 62  so 1060 430 060 1.70 130 2.90 0 40 3 Guy win Shall 22 7N SE
23S 2 0 4 3 4 0 0 0 3 0 0 0 7) 40 1S60 2 0 0 0 60 320 0 0 0 360 010 3 Niwland 20 7N SE
226 0 1 4 3 4 0 3 0 2 0 2 3 S6 00 20 40 220 1.00 070 1.00 200 4 14 6N 20W
337 0 4 3 3 3 0 0 0 4 0 0 0 60 30 1020 350 220 1 10 1 40 2.70 0 50 2 Mncini 3 8H 9W
236 3 0 4 2 4 0 0 0 3 0 0 0 S340 16 20 4.00 4 10 270 0 30 0 70 040 ) 4 8N 9W
226 0 4 3 3 2 0 0 0 4 0 0 0 60.10 1670 350 260 300 170 1.20 020 13 9N 10W
330 1 4 3 3 2 4 0 0 4 0 0 0 SO 40 1700 4 50 150 1 0 0 1 00 1 90 0.40 2 Tiitiuy 13 9N IIW
23t 0 3 2 3 0 0 0 0 4 0 0 0 S6 70 1700 350 270 160 060 1 10 040 2 Tiituiy 13 ION 12W
333 1 4 3 3 0 0 3 0 0 0 0 0 46.10 1510 320 1050 290 060 1 10 040 2 Tiflwfv 13 12N 12W
333 0 3 4 4 4 0 0 0 3 0 0 0 57.30 1730 4 20 3.10 1.30 1.00 1.00 0 50 2 Tiitury 13 13N IIW
334 3 4 4 3 4 1 0 0 3 0 0 0 S6 10 10.30 400 300 360 170 320 0 50 3 T tfiisfy 32 14N IIW
23» 3 3 4 3 4 2 0 0 3 0 0 0 S4 60 20 40 4.30 260 340 0.00 1 30 0 40 2 Unknown 7 2IN 29W
336 2 2 4 2 4 2 3 0 3 0 0 0 es 60 17 60 2.00 120 2.20 1.10 200 0 60 4
237 0 3 4 3 4 0 4 0 0 0 0 0 S3 SO 1530 2 40 5.00 420 170 320 050 2
236 1 4 4 4 0 1 0 0 4 0 3 0 SO 60 1740 2 20 170 1.00 030 060 010 0
239 3 3 3 3 4 t 0 0 3 0 3 0 SS60 23 00 2 50 160 1 00 070 1 20 0 10 0
240 0 0 0 0 0 0 0 0 0 0 0 0 0 PufncHo
24t 0 2 4 2 4 3 0 0 0 0 3 0 1435 270 0.20 3 PItitlocin
242 0 0 4 2 3 0 0 0 0 0 0 0 4 Unknown 5N 2E
343 0 0 4 2 4 0 0 0 2 0 0 0 1505 260 7 00 S Fault clay 28 4N 9W
244 0 0 .4 2 4 0 0 0 2 0 0 0 4 Fort Union 16 I7N 57E
24» 3 0 4 2 3 2 4 0 0 0 0 0 4 Fort Union 18 I7N 57E
348 3 0 4 2 3 3 4 0 2 0 0 0 11 00 460 5 40 » Foil Union 18 I7N 57E
247 0 0 0 0 0 0 0 0 0 0 0 0 0 Mina dump 32 8tJ 2W
246 0 0 4 2 4 3 0 0 4 0 0 0 2 Unknown
249 0 3 2 0 0 0 0 0 0 0 0 0 3 27 12N 9W
250 0 4 3 4 3 3 0 4 0 0 0 1540 030 0 20 4 Pliltlocin 11 14N 12W
3»1 3 4 1 2 0 0 0 0 2 0 0 0 27 00 050 020 0 Tirtiaiy 19 UN 13W
352 0 4 1 2 1 0 0 6 2 0 0 0 0 Taflury 19 UN 13W
2S3 0 4 1 0 0 U 0 0 0 0 0 0 0 Tirtiaryl?)
354 0 4 1 2 1 0 0 0 0 0 0 0 1 Tirtiiryl?)
25» 0 1 4 0 2 3 0 0 0 0 0 4 5 AR tyinm 15N 9E
250 0 0 3 0 4 2 0 0 0 0 0 3 20.40 1 20 600 4 Cam6iian<7) 15N 10W
257 0 4 3 2- 2 0 0 0 0 0 0 2 1 Tartury 30 9N lOW
256 0 4 3 0 1 4 0 0 0 0 0 0 1 Tertiaiy 30 9N 10W
258 0 4 2 3 0 4 0 0 0 0 0 0 ) Iirtiary 30 9N 9W
260 0 4 3 2 0 0 0 0 0 0 0 0 1015 230 650 0 Tirtnry 15 3N lOW
261 0 4 3 2 0 0 0 0 0 0 0 0 21.30 350 2.20 0 Tiitiaiy 34 6S 10W
262 3 4 0 3 0 0 0 0 0 3 0 0 21 80 340 6.10 0 Tirtuiy 34 65 10W
263 4 0 1 0 0 0 0 0 1 0 0 1660 000 050 0 Ttrttify 34 8S 9W
364 3 4 2 3 3 0 0 0 0 0 0 2 23.00 1 50 1.00 0 Taitiary 7 75 9W
26» 4 1 0 0 0 0 0 0 1 0 0 0 3 Mini p4 35 85 9W
266 4 2 2 3 0 0 0 0 0 0 0 0 23.15 2.00 0 40 3 Mini pa 35 8S SW
267 2 0 0 0 3 0 0 0 0 0 0 4 37.50 200 0.40 3 Mmi pa 2 7S IIW
266 2 4 3 3 0 0 0 0 0 0 0 0 1060 400 400 4 Tartiaiy 2 75 IIW
269 3 4 3 2 0 0 0 0 0 0 0 0 1070 2 40 200 Unknown 35 6S 12W
270 3 0 4 2 4 0 0 0 0 0 0 0 1700 3 50 5 30 3 Tvflidfy 4 7N 9W
271 2 3 4 2 3 2 0 0 0 0 2 0 1740 210 6 50 Colorado 28 9N 9W
272 3 2 4 2 3 3 0 0 3 0 0 0 Coloiado 29 9N 9W
273 3 0 4 2 3 3 2 0 0 0 0 0 4 Cialacaous 24 9N 9W
374 4 0 0 3 4 3 0 0 0 3 2 4 Cratacaoui 23 911 tow
27» 3 2 4 0 3 4 3 0 2 0 0 0 1 Cialacaoui 30 ION tow
278 4 0 2 2 0 0 0 0 0 0 0 4 4 Batian 26 6N I4W
277 3 0 4 3 4 0 2 0 3 0 0 0 3 BaRian 36 6N I4W
278 2 2 4 2 4 0 0 0 0 0 0 0 3 BaNun 36 6N I4W
279 2 0 4 2 4 2 0 0 0 0 0 0 3 BiRlan 38 6N I4W
260 3 3 2 2 0 0 0 0 4 0 0 0 15 90 300 260 1 Tertiary 17 IN SW
26) 3 4 0 2 0 0 0 2 0 0 0 0 1 Tirbary 4 9S 5W
262 3 4 2 3 0 4 0 0 2 2 2 0 1900 3 10 620 1 Tartury 3 9S 5W
263 4 2 2 0 3 0 0 0 0 0 0 0 Tirtury 28 5S 7W
264 4 2 2 0 2 0 3 3 0 0 0 0 Tartury 17 IN 5W
28» 2 2 4 2 3 0 0 0 2 0 0 0 1 Unknown
386 2 4 4 2 2 0 0 0 2 0 0 0 1000 3 50 4.10 T irtiary 32 5N IE
267 0 4 0 0 4 0 0 0 0 0 ) BeRun 34 6N lew
368 3 0 4 2 3 3 2 0 t 0 0 0 2 Plaiilocini 8 28N 2IW
389 3 0 4 3 3 3 3 0 2 0 0 0 3 Plaislocani 15 2 IN 20W
290 2 0 4 2 3 2 2 0 1 0 0 0 1570 2 00 7 50 4 Plaiatocani 34 14N 20W
291 0 • 4 2 2 2 2 0 0 0 0 0 18 I3N lew
292 0 0 4 3 3 3 1 0 0 3 0 1950 270 4 30 ) Crilacaoui 13 2N 2E
393 0 1 4 0 3 3 0 0 1 0 3 0 20 60 1 10 4 70 1 Crilacioui 13 2N 2E
394 0 0 4 0 3 3 0 0 1 0 3 0 2010 1 70 4 40 ) Ciilacioui 13 2N 2£
29» 1 1 4 0 3 2 1 0 0 0 * 0 1690 Cralacioui 13 2N 2E
396
39?
396
399
300
301 
303
303
304
305
306 
30? 
306
309
310 
3tt 
313
313
314
315
316 
31? 
319 
319 
330
321
322
323
324
325
326 
32? 
326
329
330
331
332
333
334
335
336 
33? 
336
339
340
341
342
343
344
345
346 
34? 
346
349
350
351
352
353
354
355
356
357 
356
359
360
361
362
363
364
365
366 
36? 
366 
369
MOUHU HCCTK4 
0
F610GPM UJK CMAIf OlPSUH HUlOlSIE 40, llUMjO, CmO SECTtOH IOV*iS9tP
0 0 0 0 0 0 0 0 0 0 Ci«Uc«ou4 13 2N 26
1 3 2 2 0 0 0 3 0 1050 200 4.40 1 Cielactout 13 214 2£
1 3 I 0 0 0 0 3 0 1060 100 4 20 1 CteUceout 13 2N 2E
0 3 1 0 0 1 0 0 0 16 10 1 60 450 1 C(4l4caou( 13 214 2E
0 3 0 0 0 1 0 3 0 10 60 090 440 1 Citlacaou» 13 2N 2E
2 3 0 2 0 0 0 3 0 2010 090 4.70 4 L Cicldccout 26 IN 2W
3 2 3 3 0 0 2 3 0 2 L Cittic«ous 22 IN 2W
2 3 0 2 0 0 0 3 0 1 ClaggeW 35 614 I9E
1 2 0 0 0 2 0 0 0 5 ftac«nt(7) 12N 9W
1 4 3 3 0 0 0 0 0 4 Tirtiaty 25 6W
5 0 0 0 0 0 0 0 0 0 Igntout 56 5W
5 0 0 0 0 0 0 0 0 Ignteui 56 2W
5 0 0 0 0 0 0 0 0 0 Igntou» 56 5W
0 0 0 0 0 0 0 0 0 0 Cf4l4C««UI 13 2N 2E
0 0 0 0 0 0 0 0 0 0 Cralac«au> 13 2N 2E
0 0 0 0 0 0 0 0 0 0 Ci*lac«ey> 13 2N 28
1 3 0 0 0 0 0 2 0 1740 1 60 6 20 1 Hdll Cr«4k 22 I6N 55E
2 4 0 0 2 0 0 2 2 1760 100 660 1 Fail Union 31 I5N 588
2 4 0 0 2 0 0 2 2 1360 0 50 490 3 Fort Union 31 ISN 56E
2 3 0 0 0 0 0 2 0 1730 1.70 630 4 Fori Umon 22 16N 50E
2 4 0 0 0 0 0 0 0 Fon Union 30 l?N 538
2 3 1 0 0 0 0 0 2 0 Foil Union 30 17N 538
2 3 0 0 0 2 0 0 0 16 70 0.30 630 4 Fort Union 29 16N 508
0 1 4 3 0 2 0 0 2
2 2 0 0 0 0 0 2 2
1 3 0 4 0 2 0 0 0 t Fon Union 22 IBN 528
2 4 4 4 0 2 0 0 2 1 20 21N 538
2 2 0 0 0 4 0 0 0 1670 2.90 590 I Foil Union 13 17N 538
2 3 4 4 0 0 0 2 2 2 Fort Union 30 ISN 548
2 2 0 4 0 0 0 2 2 11.60 2.20 350 2 Fort Union 31 IBN 548
2 3 0 0 0 2 0 0 3 3 Fort Union 30 ISN 548
2 3 4 4 0 0 0 0 0 2 Fort Union 30 ISN 548
2 3 0 0 2 0 0 0 0 2
2 0 0 0 0 2 0 0 2 20 60 070 5.10 0
0 4 0 0 0 2 0 0 2 16 30 100 5.00 4 CrtUoeous 13 2N 28
0 . 4 0 0 0 2 0 2 0 1760 190 500 3 Cl«<4C«0U4 13 2N 28
2 0 2 0 0 0 0 2 0 1730 070 1560 5 Sjron4o
2 2 2 0 0 2 0 0 0 5 CiMacoout |?1 16 5N 48
3 0 0 0 0 4 0 0 0 0 Tortiarvi?) ? 5N 38
2 4 0 0 0 0 0 0 0 16.30 550 050 0 Ciolacoout (7) 24 ?N 378
3 4 0 0 0 0 2 0 0 1000 530 600 0 Cralactous (7) 1 7N 378
0 0 4 0 0 0 0 2 0 13.40 1.30 020 0 Ci4tac«ou« (7) 1 7N 378
0 4 0 0 0 2 0 6 Qta Moni. 29 SN 5W
2 4 0 0 0 0 0 0 0 9 Tailing* 29 SN SW
2 2 0 0 0 4 0 0 0 17.40 290 310 0 Htt Citoli 30 I6N 568
2 4 0 2 0 0 0 0 0 3 H«« Ci«*k 30 I6N 568
2 2 2 0 0 2 0 0 0 2 Hot Crook 30 I6N 568
2 2 2 0 D 2 0 0 0 0 Hot Ciook 30 ISN 5S8
3 0 0 0 0 0 0 0 0 2 HetCiook 30 ISN 568
2 2 0 2 0 0 0 0 0 2 Hell Clock 30 ISN 568
2 2 0 0 0 2 0 0 3 0 HeU Crook 30 ISN 5S8
3 2 0 0 0 0 0 0 0 2 Hot Clock 30 ISN 568
2 2 0 0 0 0 0 2 0 2 Hot Clock 30 ISN 568
2 4 4 2 0 0 0 0 0 54 60 14 32 2 60 10 40 6 47 2 16 9 2SN 2IW
2 4 4 2 0 0 0 0 0 54 40 14.34 2 60 690 1 41 3 17 4 6 2SN 21W
2 4 4 2 0 0 0 0 0 55 96 14 42 240 900 1 21 226 3 5 2SN 2IW
2 4 4 2 0 0 0 0 0 56 64 1206 200 920 0 36 133 4 5 2SN 21W
2 4 0 0 0 0 0 0 0 67 40 1564 2 60 1 20 2 36 301 3 3 27 20W
2 4 0 0 0 2 0 0 0 68 76 1606 2.10 000 2 80 4 40 4 30 3SN 2IW
2 3 0 0 0 2 0 0 0 67 64 15 70 2 60 1 20 1 34 271 4 21.22 3SN 21W
2 4 1 1 0 0 0 0 0 6000 22 70 2 60 I 40 162 3 01 4 12 2711 24W
2 4 3 1 0 0 0 0 0 62 66 14 62 260 490 1.46 293 3 29 2311 20W
2 4 3 2 0 0 0 2 0 64 40 14.16 260 520 1 95 5 30 2 32 23N 20W
2 4 3 0 0 0 0 0 0 68 16 13.34 2 40 4 60 270 325 2 34 22N 20W
2 4 4 0 0 0 0 0 0 70 16 12 60 2 20 5.40 1 62 2.17 2 21 21N
2 4 3 0 0 2 0 0 0 66 00 14 50 260 460 2.26 452 2 30 21N
3 4 3 2 0 2 0 0 0 59 50 17.40 240 420 061 4 73 2 35 2IN
2 4 3 0 0 0 0 0 0 64 62 14 30 260 4 40 200 329 3 23 20N 20W
2 3 3 0 0 0 0 0 0 70.96 12 22 2.10 500 1 21 1 51 3 26 23N
2 4 2 2 0 2 0 0 0 5632 1606 2 30 400 1 IS 365 3 23 17N 20W
0 4 2 0 0 0 0 0 55 92 24 10 4.30 4 30 066 5.12 4 Throe toiki 19 26 aw
0 4 3 0 0 1 0 0 0 56 06 24 14 4 30 3 60 1 06 5 30 4 Throe toikc 19 26 aw
0 4 2 0 0 2 0 0 0 54 72 23 70 4 SO 3 20 0 66 5 04 4 Thioo loiki 19 28 6W
0 2 0 2 0 0 0 0 0 1224 6 70 1.30 26 40 0 54 016 1 Three loik* 12 28 ÛW
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444 3 0 4 2 3 1 1 0 0 0 0 0 51.70 19 10 4 50 1.11 384 1 10 2 72 0.18 3 Glacial Lata Mi*coula 30 20N 20W
445 3 0 4 2 3 2 2 0 2 0 0 0 51 30 19 10 440 207 4.05 1 51 242 0.22 1 Glacial laka MiHoula 23 19N 2IW
445 2 0 4 2 4 2 2 0 2 0 0 0 57 80 1615 505 308 362 1 62 2 18 020 2 Glacial Laka Missoula 26 19N 2IW
447 2 0 4 2 2 2 2 0 2 0 0 0 63 30 1240 4 05 400 2 68 1 81 196 013 4 Glacial Laka Missoula 26 19N 2IW
448 3 0 4 2 3 3 0 0 2 0 0 0 5610 14 80 5 05 302 355 1 34 057 0.10 4 Glacial Laka Missoula 26 1914 20W
44» 2 I 4 2 4 2 0 0 0 0 0 0 51 40 1775 545 2 73 434 1 50 280 012 4 Glacial lake Missoula 22 I9N 20W
450 3 1 4 2 3 2 0 0 2 0 0 0 4940 1675 485 3 08 4 56 0 93 0 26 008 2 Glacial Laka Missoula 35 ISN 20W
451 3 0 4 2 3 2 0 0 2 0 0 0 5270 1570 4 40 354 4 09 229 1 54 010 2 Glacial Lake Missoula 33 I9N 20W
452 3 0 4 2 4 3 2 0 2 0 0 0 67 30 11.10 320 354 2.32 1 54 1.64 0.12 4 Glacial Lake Missoula IS I6N 2IW
451 3 0 4 2 4 3 2 0 2 0 0 0 61 40 1105 340 516 311 1.78 0 69 010 4 Glacial Lake Missoula 9 22N 20W
454 3 0 4 2 4 2 2 0 2 0 0 0 61 20 1330 350 305 3 19 202 1 81 0 IS 4 Glacial Lake Missoula 2» 23H 20W
455 3 0 4 2 3 3 2 0 2 0 0 2 67 70 1005 270 3 29 398 1 97 1.29 O il 3 Glacial Lake Missoula 2 23N 21W
456 3 0 4 2 4 2 2 0 2 0 0 0 55 70 14 90 4 15 427 1 99 1 76 1 78 018 4 Glacial Lake Missoula 31 23N 21W
457 2 . » 4 2 4 2 2 0 2 0 0 0 62 50 1325 340 2 43 293 216 1.97 018 4 Glacial Lake Missoula 6 22N 2IW
458 3 0 4 2 3 2 0 0 2 0 0 0 6020 14 75 340 2 53 333 0 76 1.79 0.14 3 Glacial Lake Missoula 1 22N 3IW
459 0 0 0 0 0 0 0 0 0 0 vodeO Sanipl8 voided
460 0 2 2 0 2 0 0 0 0 0 0 65.60 1705 1 SO 0.71 033 2 50 1 95 010 1 Glacial Lake Missoula 34 25N 24W
461 2 0 4 2 4 3 2 0 2 0 0 0 6340 1040 290 405 253 249 208 010 4 Glacial Lake Missoula 19 24N 23W
462 0 4 2 2 2 0 0 2 0 0 0 69 60 785 240 3 14 2 03 2 34 155 0.06 t Glacial Lake Missoula 8 I7N 20W
463 2 1 2 0 2 1 0 0 0 0 4 0 52.10 1855 465 091 274 1 S3 0.43 0.35 1 Glacial Lake Missoula 1» I4N 20W
464 4 4 0 0 0 0 0 0 0 0 62 60 11.85 2 20 192 1 45 381 054 005 1 Oooileggei 38 22N IE
465 2 1 4 2 3 2 2 0 0 0 0 0 6570 17.70 2.60 2.82 1 27 2 25 1.11 0.41 4 Unknown 2 14H 24W
466 2 3 4 3 0 0 0 3 0 0 0 0 62.10 1840 2 30 091 062 2 76 095 1 16 t Unknown 11 6N 21W
467 2 0 4 1 2 4 2 0 0 0 0 0 41 00 18 70 2 90 18 60 0 67 306 224 0 26 3 It IS 26E
468 2 0 4 3 0 0 2 0 0 4 0 63 30 19.70 1.40 1 72 1 47 1.70 234 007 1 Cody 19 3S 32E
46» 0 4 3 0 2 0 2 0 0 4 0 64 00 19.60 1 50 237 12» 290 022 003 1 Cody 1» 3S 32E
470 2 0 4 2 2 4 2 2 0 0 0 0 49 00 13 90 210 11.90 094 335 1 31 046 3 Cody 19 33 32E
471 0 4 2 4 2 0 2 0 0 0 0 61.00 18 75 270 1 92 1 15 3 82 0 79 0 80 1 Beaipaw IS 35E
472 0 3 4 2 1 2 2 0 0 4 0 64 30 1495 2 00 2 02 1 51 4 47 1 26 0 25 1 Beaipaw 6 IS 35E
473 0 0 3 4 2 1 0 0 0 0 4 0 63 20 1500 1.10 232 1 70 06» 054 0.16 1 Beaipaw 8 IS 35E
474 2 0 4 3 4 0 2 0 0 0 0 56 30 16 55 320 268 1 12 3 13 050 050 1 Beaipaw 20 IS 35E
475 0 3 3 3 3 0 0 0 0 0 0 65 50 14 30 1.90 162 1 47 506 0 84 034 1 20 IS 35E
476 0 0 4 3 2 1 0 2 0 0 3 0 62 60 1365 250 227 1 10 472 0 88 0 75 1 Beaipaw 4 3S 35E
477 0 0 4 3 4 0 2 0 0 0 3 0 63 40 1395 200 364 069 4 03 0 88 057 3 Beaipaw 4 3S 35E
476 3 0 4 0 0 2 0 0 0 0 2 0 6080 14 75 550 2 27 1 12 169 046 033 4 Amsden 18 6$ 3IE
47» 1 0 4 1 3 0 0 0 0 0 0 0 75 70 10 00 2.90 0.90 1 16 1.18 022 041 4 Spokane[7| 32 IN 4W
480 4 2 1 0 0 0 0 0 0 0 0 64 30 12 70 1 IS 1 60 2 39 4.46 267 0 20 3 Spokane|7) 32 IN 4W
481 4 2 4 2 0 0 0 0 0 0 0 6000 12 80 265 270 3 26 1 88 145 1.09 3 Spokane(7) 32 IN 4W
482 3 0 4 I 4 0 0 0 0 0 1 0 5200 23 40 450 080 080 1 82 164 1.41 S Spokane(7) 36 2N 3W
483 2 0 4 1 4 0 0 0 0 0 0 0 5300 2180 660 060 054 363 061 0 84 S Spokane(7) 36 2N 3W
484 3 0 4 1 4 0 0 0 0 0 0 0 54 80 21 90 900 0 70 054 123 1 23 0 33 8 Spokane(7) 36 2N 3W
485 2 0 4 1 4 0 0 0 0 0 0 0 54 60 2230 510 050 0 51 1 96 032 109 i $pekane(7) 36 2N 3W
486 3 0 4 1 4 0 0 0 0 0 0 0 52 40 21.60 750 065 0 36 1 00 1.40 100 i Spokane)? 36 214 3W
487 3 0 4 1 4 0 0 0 0 0 0 0 52 70 21.50 7.40 0 70 025 1.13 0.19 081 i Spokane)7 36 2N 3W
488 3 4 1 2 3 0 0 0 0 0 0 56 50 1620 275 4 20 2 50 086 019 0 75 4 Jens 17 ION UW
489 3 0 4 2 3 1 0 0 0 0 0 0 5580 1865 565 140 322 054 0 4» 0 84 4 Blackleal « ION UW
490 3 2 4 3 0 4 0 0 0 0 0 0 52 60 1310 3 55 600 297 277 070 025 3 Blackleal » ION 1IW
491 3 0 4 2 2 2 0 0 2 0 0 0 57 20 1695 4 60 1 60 239 2 13 0 54 0 34 4 Blackleal 9 ION 1IW
492 4 0 4 0 3 0 0 0 0 0 0 0 52 30 24 30 560 0 40 1 34 021 0 41 0 56 4 Blackleal 33 UN uw
493 0 4 0 3 0 0 0 3 0 0 0 61 20 1500 360 3 60 206 1 93 1.36 066 2 Koolenai 28 UN u w
494 3 0 4 1 3 3 0 0 3 0 0 0 58 20 1875 515 1.20 257 2 96 150 075 3 Kooienai 28 UN u w
495 0 0 4 0 2 3 0 0 4 2 0 0 51 SO 25 95 540 050 1 30 1.79 1 23 0 56 4 Blackleal 22 9N I2W
496 4 1 2 2 0 0 0 0 0 0 0 Sample 1
497 4 1 0 0 0 0 0 0 0 0 0 Sample 1
498 2 2 4 3 2 0 0 0 0 0 0 0 6090 2605 460 240 250 024 0 33 0 80 4 Jurassic undiMe IS UN 13W
499 4 1 2 0 0 0 0 0 0 0 0 0 38 80 20 25 915 0 30 013 0.92 019 166 s )Fissuie) 33 IS 32W
500 0 1 2 0 4 2 0 0 0 3 0 28 70 7 25 1.85 19 20 1425 2 95 1 81 025 3 Unknown IS IN 2W
501 2 0 4 2 3 0 1 0 0 0 0 0 7000 1325 1 60 0 50 0 33 1 28 092 014 4 IFissuiel 26 8N 6W
502 0 4 2 3 0 0 0 3 0 0 0 68 60 14 85 1.45 0 30 402 055 020 0.14 1 Unknown 11 2S 6W
503 2 0 4 2 2 3 3 0 2 0 0 0 41 80 1240 2 40 1220 731 0 67 013 041 2 Unknown 15 3ÛN 23W
504 4 0 4 0 0 0 0 0 0 0 0 c 78 70 9 80 065 030 0 47 031 034 0 25 6 Unknown 7 I3N 25E
505 2 0 4 1 2 0 0 0 0 0 0 0 7740 960 145 030 062 0 27 0 15 100 4 Unknown 7 I3N 25E
506 0 4 3 0 0 0 0 0 0 0 0 69 40 1270 230 1 55 072 094 0 73 0 59 2 Unknown
507 0 4 2 0 0 0 0 0 0 0 0 6310 13 90 265 1 35 1 84 105 0 35 0 34 1 Piobably Coloiado Shale
508 0 4 3 3 0 1 0 2 0 0 0 0 53 80 1870 360 165 270 1 47 0 33 0 36 1 Piobably Beaipaw Shale
509 0 4 3 3 3 0 0 0 0 0 0 0 62 60 1650 2 85 1 20 205 1 19 0.37 0.41 3 Probably Beaipaw Shale
510 0 3 4 4 2 0 0 0 0 0 0 0 6020 1495 360 1 75 246 1 13 0 25 0 44 3 Unknown
511 0 4 2 2 . 0 0 0 0 2 0 0 0 62 30 14.90 190 1.50 087 1 08 2 68 041 3 Oligocene luH 3 ION IW
512 0 4 4 4 0 1 0 2 0 0 0 0 58 40 20 20 340 190 1 41 1 04 1 62 0.59 3 Wolsey Shale 9 ION IW
511 2 2 4 1 3 0 4 0 0 0 0 0 54 10 1390 300 520 6.19 0 49 366 0 30 3 Wolsey Shale 9 ION IW
514 0 0 4 2 0 4 0 0 2 3 0 0 43 20 7 30 090 17 90 851 1.11 1 02 025 3 Spokane Shale 8 ION IW
515 0 1 4 4 1 3 3 0 0 0 0 0 59 90 1390 250 490 264 1 50 240 0 59 3 Qualeinaiy alluvium 8 ION IW
516 2 0 4 3 2 1 2 0 2 0 0 0 ■ 5910 13 20 260 5 40 203 1 15 2 10 066 3 Quaternary aUuvHim 8 ION IW
517 2 1 4 3 3 0 0 0 0 0 0 0 56 40 18 80 400 200 1 63 1 35 2 82 0 75 3 Ternary sedimenl 25 ION 2W
UOUHIE WtCIIIE CUU)I2 FELCCPM lUlIE CUOFE OlMLM lUJiCAICatlE MUOF9IE 90, lUIMiO, M,o lO) tiCllOll 1ovuiaii> murot
sia 0 2 4 2 2 0 0 0 0 0 0 0 6040 1550 320 2 30 1 92 1 19 2 62 060 1 T4t1ia>y tednntnl 25 ION 2W
sta 2 0 4 4 0 0 0 0 0 0 0 0 64 00 16 10 2.40 1.70 062 1.40 400 0.14 1 Tattiaty tedimtnl 25 ION 2W
S20 2 4 2 2 2 2 0 0 0 0 0 0 64 40 14 60 0 60 090 046 1.42 4 44 0 04 2 T«i1iat)r ladimant 26 ION 3W
521 0 4 2 2 2 0 0 0 0 0 0 1 6040 1540 2.30 090 054 1 26 1 06 034 2 Tadian, j«d)menl 26 ION 3W
522 0 4 2 2 0 0 0 0 0 0 0 2 57 20 16 10 240 1.60 1 05 1 05 246 020 2 T«rtia<y tadanant 26 ION 3W
523 0 1 4 2 0 0 0 0 0 0 0 0 6270 390 0 70 1460 1077 014 126 016 3 II 9N 4W
524 0 0 4 3 2 2 0 0 0 0 0 0 56 so 1360 400 290 1.67 151 324 065 2 Qualainaiy aldvium 33 tOH 6W
525 1 2 4 2 0 1 4 0 0 0 0 0 56 60 1740 270 5 20 3 19 0 95 234 0 50 2 Qualatnary akivwnt 33 ION 6W
525 0 2 4 3 1 1 3 . 1 0 0 0 0 59.90 13 60 2 60 4.30 362 090 1 96 065 1 Qualainary alluvium 33 ION 6W
527 0 0 0 3 0 0 0 0 0 0 0 0 72 60 13 50 060 060 0.15 1 46 2.94 005 1 TaiHaiy ihyaMa 3 ION 6W
526 3 0 4 0 3 0 0 0 0 0 0 0 66 40 17 10 150 020 061 020 372 040 5 Tartiary aadimanl 3 tON 6W
526 2 2 4 1 2 0 0 0 0 0 0 0 71.00 13.50 180 000 065 026 234 0.30 S TaiUaiy ladimanl 3 ION ew
530 0 0 4 4 3 0 1 0 0 0 0 2 64 60 7.00 1.30 0 20 0.62 020 1 92 017 1 Taitiary ladmanl 3 ION 6W
511 2 2 4 1 2 1 0 0 0 0 0 0 7060 1560 1 60 050 061 024 2 52 0.20 4 Matoioic 3 ION 6W
532 0 0 4 2 3 0 0 0 0 0 0 0 77 10 11.70 060 060 0 65 023 396 013 5 Masdioic aliaia 3 ION e w
533 0 0 4 2 3 0 0 0 0 0 0 0 70 50 1640 1 30 060 036 101 2.62 0.17 4 Taitiaiy(7) ladimeni to ION e w
534 1 4 3 3 1 2 0 0 0 0 0 0 52 40 16.60 430 270 1.16 1.35 1.74 056 2 Qualarnaiv alluvium 19 ION 7 W
535 0 4 3 2 0 2 0 0 0 0 0 0 55 30 1590 3.60 550 1 74 1 11 1.60 056 2 Quatarniiy alluvium 20 ION 7W
536 0 0 4 2 3 0 4 « } 0 0 0 SI so 1490 2.10 5.90 7.90 074 3.36 017 1 Taitiary acdimani 17 ION I W
537 0 2 4 4 2 0 0 0 0 0 0 0 59 10 1890 360 1 60 076 224 3 16 050 3 Taitiaiy -adananl 9 ION 7W
536 0 4 2 2 0 0 0 0 0 0 0 1 56 30 17.30 290 220 0 63 069 240 0 30 2 Tartiaiy tadimaol 9 ION 7W
53a 0 4 2 2 0 0 0 0 0 0 0 0 57 30 1720 2 40 2.60 1 99 0 02 1 66 015 1 Taitiary tadimanl 9 ION 7W
540 2 2 ,4 2 2 4 3 0 0 0 0 0 4790 660 2.10 1530 3 51 055 226 0.42 2 Qualainary alluvium 27 ION SW
541 3 2 4 0 2 0 4 0 0 0 0 0 41 SO 12 50 230 9 50 9 63 0 32 1 56 014 2 Qualainary alluvium(?| 27 I2N 5W
542 1 0 3 3 4 0 0 0 0 0 26 20 595 240 16 70 11.22 0.33 2 46 014 2 Qualeinaiy alluvium 35 12N 5W
543 1 0 4 3 2 3 0 0 1 0 0 0 61 20 1260 220 6.10 2 03 1 32 2 10 050 2 Quatainaiy alluvium 6 12N 4W
544 1 0 4 3 0 3 0 0 0 0 0 0 59 SO 1275 260 7.00 246 106 222 065 2 Qualeinaiy alluvium 6 11N 4W
545 1 0 4 2 2 2 0 0 2 0 0 0 66 40 12.40 240 250 2 35 122 3 16 065 3 Qualeinaiy alluvium 6 11N 4W
545 2 0 4 2 3 2 0 0 0 0 0 0 65 90 1575 200 170 126 099 262 035 2 Qualainary aUuvium 7 11N 4W
547 3 2 4 2 2 2 3 0 0 0 0 0 59 60 12 05 200 490 557 040 174 0 50 2 Helena Oulomiia 17 UN 4W
548 0 0 4 2 2 0 4 0 2 0 0 0 41.60 770 1.70 1300 9 41 0 66 1 86 0 25 2 Helena Oolomila 16 UN 4W
54a 0 0 4 2 1 3 4 0 2 0 0 0 37 70 645 160 1500 9 01 0.55 4 74 0 25 2 Helena Oolomile 16 UN 4W
550 2 1 4 2 4 0 2 0 0 0 0 0 5610 1665 200 3.30 2 75 027 222 060 4 Empea or lane Shala 16 UN 4W
551 2 2 4 3 3 1 1 0 2 0 0 6 64.60 1515 1 90 090 1 86 1.26 324 0 50 3 Bat Supeigraup 19 I2N 3W
552 0 2 4 4 0 0 0 0 0 0 0 0 59 20 16 30 2.00 2 40 2 76 2 64 240 035 « Be* Supeigraup 32 I2N 3W
553 1 0 4 3- 2 3 2 0 0 0 0 0 54.40 15 75 2 60 560 269 126 256 060 2 Tertiary aedanenl 5 UN 2W
554 0 4 2 2 0 0 0 0 0 0 2 0 62.10 14.40 0.70 1.30 1.30 143 366 014 3 Tartiaiy aedimeni 7 UN 2W
555 0 2 4 4 1 0 0 0 0 0 0 0 67.70 14 45 200 1.60 1.30 106 2.46 0 30 3 Tartiaiy tedimenl 32 UN 2W
556 0 0 4 1 3 0 4 0 0 0 0 0 44.00 9.20 260 900 694 027 1.99 0.14 2 Giayaon Shale 25 12N IW
557 0 0 4 1 2 0 4 0 4 0 0 0 49 90 1245 260 0.60 647 0.31 1.97 0:20 3 Gieyton Shale 25 I2N IW
556 0 0 4 1 2 3 4 0 4 0 0 0 53 20 10 90 3 70 670 6 07 026 1.96 035 3 Giayaon Shale 25 I2H IW
556 1 0 4 4 1 3 2 0 2 0 0 0 58 60 14.20 250 790 306 126 192 0 60 4 Qualeiraiy alluvium 23 UN 2W
550 1 1 4 3 0 3 3 0 0 0 0 0 56 00 1595 290 730 2 43 127 2 22 060 3 Tertiary ledimanl 27 UN 2W
561 .0 4 2 2 0 0 0 0 0 0 0 0 56 00 12.05 2 30 360 2 14 099 1.61 035 2 Tartiaiy aedimenl 33 UN 2W
562 0 4 3 3 0 0 0 0 0 0 0 0 55 20 12 15 460 220 206 1.32 161 0 65 3 Tertiary aedunenl 3 9N 3W
563 2 4 2 2 2 1 0 0 0 0 0 0 84 30 13 65 10 00 1.20 1 01 1 34 3 54 035 2 Tertiaiy aedanenl 36 ION 3W
564 0 4 2 2 0 0 0 D 2 0 0 0 56 70 1475 230 1 70 1.43 1 46 1.96 1 10 2 OUgocena lull 3 ION IW
565 2 0 4 3 3 0 0 0 2 0 0 0 56 to 20 35 5.60 070 166 277 2 69 1 IS 4 LaHood Formal ion 35 2N 3W
566 2 0 4 1 3 0 0 0 0 0 0 0 59 20 19 65 600 600 0 40 055 264 011 5 laHood Foimalion 35 2N 3W
567 2 0 4 1 3 0 0 0 0 0 0 0 57 60 20 30 7 60 060 069 065 262 060 5 LaHood Foimalion 36 2N 3W
566 1 2 4 4 0 0 0 0 0 0 0 0 56 60 17.35 6 40 090 1 65 2 90 090 0 65 3 laHood Foimalion 36 2N 3W
566 0 0 4 0 4 0 0 0 0 0 0 0 62 40 17 45 290 0 90 1 23 024 366 060 4 Unknown 16N 6E
570 1 0 2 4 4 0 0 0 0 0 750 167 1 00 3335 14 10 0 45 045 005 1 Unknown I2N I4E
571 3 2 3 4 4 0 0 0 0 0 44 10 12.95 3 50 1090 4 53 0.56 2.10 058 4 Tongue Pivar MemharFoit Union Formation 20N 57E
572 0 0 0 0 0 0 0 0 0 0 74 90 12.20 1.30 096 0 29 4.14 460 010 1 Unknown 33 7N 46E
573 0 0 4 2 3 2 0 0 0 0 0 0 56 90 22.40 325 0 63 164 166 1 74 0 40 1 Unknown 9 t2N(?) 5lE
574 0 3 4 2 0 0 0 2 0 0 0 0 63 20 20 00 2 55 069 1 34 0 52 160 0.70 1 Unknown 12 4S 49E
575 2 4 3 3 0 0 0 2 0 0 0 0 54 40 20 50 6 45 1 66 0 69 1 20 0.59 060 1 Unknown 36 UN 15W
576 0 2 0 0 0 0 0 0 0 0 63 20 1420 2 60 1.60 1 30 1 01 4.07 0.17 1 Unknown 11 I2N 9W
577 2 2 4 2 0 4 0 0 0 0 0 0 50 20 8 50 220 1550 290 1 26 2.22 0.12 1 Unknown 21 6N UW
576 0 2 4 2 0 4 0 0 2 0 0 0 58 00 11.55 3 40 750 2 40 1 31 160 0 23 1 Unknown 5 IS UW
576 2 0 4 2 3 0 3 0 0 0 0 0 66 70 14 50 3 60 1 40 2 10 097 276 0 25 3 Coloiado Shale 14 UN 3W
560 2 0 4 2 0 0 0 0 0 0 0 0 60 30 19 60 200 270 1 96 076 364 020 1 Coloiado Shale 14 UN 3W
561 2 2 4 0 2 3 3 0 0 0 0 0 61 90 1450 300 6 25 263 1.64 266 0 55 1 Tartiary(T) iodunent 15 UN 3W
562 2 2 2 3 3 0 0 0 0 0 57 20 1430 3 10 6 20 2 72 1.94 262 0.15 1 TaiUaiyl?) tedimenl 15 UN 3W
563 2 2 4 4 2 2 2 0 0 0 0 0 59 20 1200 2 70 635 265 200 264 0 40 2 Tertiaiv(7) eedimanl 15 UN 3W
564 2 2 4 3 2 4 3 0 0 0 0 0 59 70 13 90 2.70 6.45 2 65 1.66 262 0 60 3 Tertiaiy(71 tedimenl 15 UN 3W
585 3 2 4 3 2 3 0 0 0 0 0 0 56 20 16 95 460 470 160 1.17 286 0 60 4 Koolanal Foimalion 8 I7N 9E
566 3 0 4 0 3 0 0 0 0 0 0 0 64 60 1760 2.50 0 39 0 60 0 23 266 0 70 5 Moiiiton Foimalion 26 UN 6E
567 4 1 3 0 0 1 0 0 0 0 0 0 49 70 31 40 090 0.00 0 33 000 053 0 45 3 Mointon Foimalion 26 I9N 6E
566 3 0 4 0 1 0 0 0 J> 0 0 2 73 30 1485 1 60 050 0 51 020 066 0 35 5 Kootenai F oimation 26 UN 6E
566 3 0 4 0 0 0 0 0 0 0 0 0 66 70 18 10 2.70 060 047 0 19 075 0 30 S Koolanal Formation 26 6E
560 4 0 4 2 3 0 0 0 0 0 0 0 69 00 1540 330 045 065 020 228 0 40 5 Kootenai Formation 27 6E
561 4 0 4 0 2 1 0 0 0 0 0 0 77 60 1200 2 40 0 40 051 033 1 20 0.25 6 Koolanal Formation 27 6E
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582 4 0 4 1 3 0 0 0 0 0 0 0 62 50 1930 5.60 0 70 1 08 021 210 0 35 5 Koolanal Formation 27 I9N 66
583 4 1 4 1 1 1 0 0 0 0 1 0 64)0 17 30 7 00 1 40 083 0 32 210 0.30 5 Kootenai Formation 27 I8t4 66
584 3 0 4 0 3 0 0 0 0 0 3 0 66.80 1580 280 080 040 027 3 42 030 5 Mormon Formation 1 18N 46
585 3 2 4 0 3 1 0 0 0 0 0 0 66 40 1530 240 170 080 029 306 0 30 5 Moiiiaon Formation 1 18N 46
596 3 0 4 0 3 0 1 0 0 0 0 0 66 00 1570 400 1 10 0 87 027 2 82 040 5 Morriaon Formalron 1 ISN 46
597 3 0 4 0 3 1 1 0 0 0 0 0 67.50 1390 300 1.40 080 020 2.46 0.30 Kootenai Formation 1 I8N 46
596 2 0 4 0 4 0 0 0 0 0 0 50 50 13 10 4 40 11.30 1.16 021 2 70 0 25 4 Kootenai Formation 1 ISN 46
598 2 0 4 0 3 0 0 0 0 0 0 0 60 30 19 90 1.40 040 1 26 030 4 32 0 35 5 Mormon Formation 12 ISN 66
600 3 0 4 1 3 0 0 0 0 0 0 0 68 00 1700 320 030 1 34 028 2 76 0 30 5 Mormon Formation 12 ISN 66
601 3 1 4 0 2 3 0 0 0 0 0 0 60 40 1730 3 60 300 087 0 23 324 045 S Mormon Formation 1 ISN 66
602 0 4 1 3 2 0 0 0 0 2 0 5810 1740 1.10 ISO 1 02 124 2 70 0 25 5 Kootenai Formation 27 2 IN 66
603 3 0 4 1 0 0 0 0 0 0 0 6600 16.10 400 0.30 091 033 2.40 020 Flood Member filacMeal Formation 1 I8N 26
604 3 1 4 1 3 0 0 0 0 0 0 0 58 50 22 50 400 020 102 028 2 76 065 4 Flood Member eiacMcal Formation 1 18N 26
605 3 0 4 0 3 1 0 0 0 0 0 0 5060 22.40 6 30 020 1 27 029 276 0 45 5 Flood Member Glaokleal Formation t2 18N 26
606 4 1 4 0 3 0 0 0 0 0 1 0 64 40 1760 300 300 1.69 031 2 32 0 40 Flood Member SlacKleal Formation 12 ISN 26
607 3 1 4 0 2 2 0 0 0 0 0 0 59 70 15 10 4.30 080 1 12 021 2 70 0 25 4 Kootenai Formation 36 ISN 26
606 1 1 4 1 3 2 0 0 0 0 0 0 59 60 17.10 510 0 60 1 38 0 26 372 0 35 Kootenai Formation 36 ISN 26
609 0 4 1 2 0 0 0 0 2 0 62)0 1800 360 0.85 094 0 26 366 0 30 5 Kootenai Formation 1 I7N 26
610 1 4 3 2 2 0 0 1 0 0 0 59 80 17 60 4 50 0 80 1 92 200 2 76 0 35 5 Kootenai Formation 1 17N 26
611 3 2 4 1 2 0 1 0 0 0 6 0 66 20 1660 420 0 40 0 76 027 2 82 030 S Kootenai Formation 1 17N 26
612 3 1 4 0 2 4 0 0 0 0 0 0 50 80 1590 3 20 1090 0 07 0 23 2 32 0 25 4 Kootenai Formation 31 ISN 46
613 1 1 4 1 3 2 0 0 0 0 0 0 60 80 18.30 3 40 1.50 1 12 021 3 30 0.40 Kootenai Formation 31 IBN 46
614 4 0 4 0 3 0 0 0 0 0 3 0 5100 25 70 530 020 1.41 033 300 0.35 2 Kootenai Formation 20 18N 46
615 2 4 0 2 0 0 0 0 0 2 0 63 30 1580 350 0 60 1 02 023 3 16 0.30 4 Kootenai Formation 27 20N 46
618 2 0 4 2 2 0 0 0 0 0 0 0 67 30 12 10 330 0 65 0 51 0 23 2 34 025 4 Kootenai Formation 27 20N 46
617 2 1 4 1 2 0 0 0 0 0 0 0 66 40 1650 270 0 40 0 80 020 2 70 020 4 Kootenai Formation 27 20N 46
618 1 0 4 2 4 0 0 0 0 0 0 0 54 30 20 60 450 070 1 38 0 20 4 32 0 30 4 Kootenai Formation 27 20N 46
619 3 1 3 0 3 0 0 0 0 0 3 0 51.10 24 60 4.50 065 137 0 20 3 84 030 Kootenai Formation 27 20N 46
620 3 0 4 1 3 0 0 0 0 0 0 0 62 90 16.70 2 30 035 0 73 028 300 0.40 5 Mormon Formation 13 19N 46
621 3 0 4 2 3 1 0 0 0 0 2 0 64 80 1760 240 2 10 069 0 24 3 38 045 Mormon Formation 13 19N 46
622 3 0 4 2 3 0 0 0 0 2 0 63 50 18 40 1.60 0 55 0.62 023 228 030 5 Moimon Formation 13 I9N 46
623 2 2 4 3 2 1 0 0 0 0 0 0 6310 1510 460 1 35 182 230 200 0 40 4 Kootenai Formation 16 20N 36
624 3 1 4 1 2 0 0 0 0 0 0 0 67.50 13 80 260 0.40 0 80 021 3 18 045 5 Kootenai Formation 16 20N 36
625 3 3 4 2 2 0 0 0 0 0 0 0 58 00 1570 360 0.75 178 1.60 2 76 045 2 Kootenai Formation 16 20N 36
626 3 2 4 3 1 1 0 0 0 0 0 0 61.00 21.70 4.00 100 1.83 202 288 030 4 Kootenai Formation 16 20N 36
627 1 0 4 1- 3 1 0 4 0 0 0 0 61.30 1990 4 20 1.60 1.16 055 288 0 40 4 Kevin Shale Member Manae Rnrer Formation 11 2IN IW
626 2 1 4 1 3 0 0 4 0 0 0 0 62.00 16 80 4.00 2.15 1 34 0 46 282 035 4 Kevin Shale Member Marias Rrvar Formation 11 21N IW
628 0 2 4 3 3 2 0 0 0 0 0 0 68 60 17.10 260 1.45 1.70 085 2.28 030 S Kevin Shale Member Marias Rrver Formation 11 21N IW
630 2 2 4 1 1 1 0 0 0 0 0 0 61 00 16 50 400 005 1 48 045 270 025 2 BlacMeal Formation 26 2IN 26
631 3 1 4 1 2 0 0 0 0 0 0 0 56 20 1740 430 055 112 037 282 045 3 Blackleal Formation 32 2 IN 36
632 4 0 4 1 2 0 0 0 0 0 0 0 62 00 1250 320 1.00 1 19 026 258 0.40 Kootenai Formation 12 2IN 56
633 4 0 4 2 0 0 0 0 2 0 0 0 52 00 2470 660 0.75 O il 0 81 2.48 060 5 Tertiary vokanrc 33 IS 22W
634 0 4 4 2 0 2 0 0 0 0 0 0 5300 1640 460 1.50 2 50 042 2 40 045 1 Tertiary volcanic 24 3N ew
635 0 4 4 0 0 0 0 0 0 0 0 0 53 10 18 55 220 2 10 345 0 41 1 04 020 1 Tertiaiy volcanic 24 3N SW
836 0 4 2 2 0 0 0 0 0 0 0 0 53 10 I860 540 240 166 049 1 26 0.35 2 Ctanbaig Arrow Formation 12 IN 16
837 0 4 2 2 0 0 0 0 0 0 0 0 5340 18 30 3.50 200 188 049 084 0.30 2 Climbing Arrow Formation 12 IN 16
636 2 4 2 1 0 0 0 0 0 0 0 0 54.80 19 10 470 1 80 1 77 0.79 1.27 0 40 2 Chmliing Arrow Formation 12 IN IE
638 0 4 1 1 0 0 0 0 0 0 0 0 54 40 1760 4 70 3 80 206 056 1 23 0 35 2 Climb my Arrow Foimalion 12 IN IE
640 2 4 4 2 0 0 0 0 0 2 0 0 61 00 17 10 3 80 2 95 1 60 0 37 3 72 0 20 1 Not known 11 4N
641 0 0 4 1 2 0 4 0 0 0 0 0 4200 1265 4 80 9 95 6 90 1 36 1 07 025 2 Probably ot Mississippian aye
642 0 0 4 0 2 2 0 0 0 0 2 2 5240 1560 500 4 35 036 0 05 456 0.30 4 Probably ol Mississippian age
643 2 0 4 1 2 4 0 0 0 0 0 0 30 00 5 20 3.40 21 00 4 67 0 35 1 11 0 15 2 Chugwdler Formaiion(T) 15 9S 276
644 0 2 4 2 2 3 2 0 0 0 0 0 49 40 1270 420 8 95 4 20 074 084 0 25 2 Probably ol Jurassic age 16 as 276
645 0 3 4 2 2 2 0 0 0 0 0 5160 1420 380 4.95 4 06 1 00 282 0 25 3 Probably ol Juiassic age 16 as 276
646 2 1 4 2 2 4 0 0 6 0 0 0 38 20 6 0S 1 60 23 60 279 037 071 020 3 Probably ol Jurassic age 16 as 276
647 3 2 4 2 2 3 3 0 0 0 0 0 51 40 11 60 340 a 35 2 93 0 88 1 26 0 30 Sundance Foimalion 26 as 276
646 0 0 4 1 2 2 2 0 0 0 2 0 52 80 1170 350 7 75 2 90 068 1 30 0 25 Sundance Formation 28 ss 276
649 1 1 4 2 2 0 0 0 0 2 0 52 00 1120 4 20 8 75 3 19 026 1 24 030 Sundance Formation 17 75 246
650 1 0 3 2 2 0 0 2 0 0 0 30 80 8 05 1 60 27 00 2 )2 0 32 1 12 0 20 2 Sundance Foimalion 17 7S 246
651 1 0 4 0 2 2 4 0 0 0 2 0 41 40 1130 4 20 8 95 5 40 0 36 2 45 0 25 2 Chugwater Formation 17 75 246
652 2 1 4 2 2 0 0 0 0 0 0 55 00 14 25 4 00 510 3 76 1 18 2 50 030 2 Chugwaltr Formation 20 75 246
653 2 0 4 1 2 1 2 0 0 0 0 0 52 70 10 85 550 635 4 09 1 09 245 030 2 Chugwater Formation 20 75 246
654 2 0 3 1 2 4 2 0 0 0 0 0 24 00 10 20 320 25 50 2 38 0 39 1 28 025 2 Sundance Formation 20 7S 246
655 3 1 3 0 2 4 0 0 0 0 0 3 32 80 11 90 4 60 1960 195 0 23 1.30 0 25 3 Sundance Formation 20 75 246
656 2 1 4 0 2 4 0 0 0 0 0 0 36 20 12 80 230 2040 2 35 030 1 27 0 25 3 Sundance Formation 20 78 246
657 3 0 4 1 2 3 0 0 0 0 0 0 51 80 16 00 460 740 1 74 0 53 1 31 0 25 3 Morrison Formation 19 75 246
656 1 0 4 1 3 0 0 2 0 0 0 0 56 30 20 00 7.00 1 25 1 30 1 15 1 22 0 30 4 Ctoveity Formation 16 7S 246
659 3 0 4 2 2 0 0 0 0 0 0 0 54 70 2015 4.30 0 85 1 37 1 36 1 24 0.35 4 Ctoverty Formation 18 75 246
660 3 0 4 2 3 0 0 0 0 0 0 0 66 60 18 70 250 0 45 0 51 039 1 24 040 4 Ctovarty Formation 6 65 316
661 0 2 4 0 2 0 0 0 0 0 0 3 64 50 15 05 3 80 0 25 018 030 1 22 040 Ctoveity Formation 6 6S 316
662 4 0 4 0 2 0 0 0 0 0 0 0 51 50 29 15 1 30 070 0 58 0 09 0 51 0 20 2 Ctoveity Formation 6 65 316
663 3 0 4 0 2 0 0 0 0 0 1 0 60 20 20 80 2 60 0 50 0 94 0 51 1 28 0 45 2 Thermopolis Foimalion 6 65 316
664 2 1 4 1 2 0 0 0 1 0 0 0 58 60 1840 460 0 31 0 92 0 34 1 29 035 3 or Cretaceous age 18 45 306
665 2 0 4 1 2 1 0 0 0 0 0 0 63 50 18 30 2.60 057 093 030 1 27 0.35 2 Kootenai Formation 23 45 286
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666 2 4 2 2 2 2 0 0 0 0 0 2 6660 1646 3.30 0.62 1.03 096 057 0 30 1 Kooisnsi FoinMtwn 23 45 29E
667 2 1 4 2 2 4 1 0 0 0 0 0 sa 20 1010 2 50 11 36 1 99 108 1 24 0 20 2 Moriuon Faimsuon 25 45 25E
668 2 1 4 2 2 4 0 0 1 0 0 0 S7 30 9 10 240 12 70 084 0 85 1.20 017 2 MonisM) Fixmsuon 25 45 25É
66» 2 0 4 2 2 2 0 0 0 0 0 0 $8 40 14 90 440 4 36 1 42 063 1 24 018 3 Moniton FoimsUon 25 43 25E
670 0 1 4 2 2 3 0 0 0 0 0 2 43 60 8 80 3 10 16 70 1 63 030 1.31 013 2 Moifison Foimalion 25 45 25E
671 0 0 4 1 2 1 0 0 0 0 0 0 6*80 1746 4 30 2 36 203 053 1 21 0.35 3 Moimon Foimalion 25 45 25E
672 2 0 4 1 1 3 0 0 1 0 1 0 62 90 14 06 340 10 85 1 S3 0 60 1 31 025 2 Moimon Formation 25 45 25E
673 1 0 4 1 3 1 0 2 0 0 1 0 5600 18 60 600 2.06 214 034 242 035 3 Moiiison Formation 25 45 25E
674 1 0 4 1 2 0 2 0 0 0 0 60 SO 13 16 480 1.86 1 72 057 260 0 30 3 Mormon Formation 25 45 25E
676 0 0 4 3 3 1 3 0 0 0 0 0 40.30 19 60 470 315 2 75 0 09 7 20 0.26 4 Not tmoMn 3 75 IW
676 3 0 4 2 2 1 0 0 0 0 0 0 79.10 12 10 1.20 0.60 066 016 126 020 5 Not known 28 18N 27E
677 3 0 4 2 2 1 0 0 0 0 0 0 74 80 11 46 1.20 0 96 066 0.18 123 015 5 Not known 30 19N 27E
678 0 2 4 2 1 2 0 0 1 0 0 0 60 00 1600 4 10 480 160 0 63 126 030 2 Not known 4 13N 28E
678 0 4 1 2 0 0 0 3 2 0 0 0 46 20 17 75 380 400 332 2 43 0 20 0 30 1 Net known 4 I3N 28E
680 0 4 2 0 0 4 0 0 0 0 0 0 49 30 17,70 3 20 296 4 36 060 0 18 016 1 Not known 8 13N 28E
681 0 2 2 0 0 4 0 0 0 0 0 0 2160 1 77 1 60 40 20 146 0 09 0 47 010 2 Notknown 19 14N 2lE
682 0 2 2 0 1 4 0 0 0 0 0 0 1840 1 80 1 70 4340 1 56 006 0 42 0.10 2 Notknown 19 14N 21£
683 0 3 4 2 0 2 2 0 2 0 0 0 64 00 1876 5 20 390 3 36 0 69 1.31 030 3 Foil Union Foimalion 11 95 46E
684 0 1 4 1 1 2 1 0 0 0 0 0 69 70 13.40 3 80 240 168 060 1 30 026 3 Foil Umon Foimalion 11 95 46E
686 3 1 4 1 2 1 1 2 0 0 0 0 4940 17.40 6 40 1 66 2 63 049 2.46 0.30 3 Fort Union Formation 11 95 46E
686 0 2 4 1 2 0 0 0 0 0 0 2 67 40 13 80 2 40 070 1 11 035 1.28 025 4 Fort Union Fonnalwn 11 95 46E
687 2 1 4 2 2 0 0 2 0 0 0 0 66 70 1696 4 80 1 00 191 061 1 31 030 2 Fon Union Foimalion 11 95 46E
688 2 1 * 2 2 0 0 2 0 0 0 0 69 40 1690 4 70 1.36 1 91 0 69 1 32 0 33 2 Fon Union Foimalion 5 55 46E
689 2 1 4 1 2 0 0 0 0 0 0 0 60 60 1646 360 078 1 67 063 1 30 036 3 Fon Union Foimalion 5 55 46E
690 2 0 4 2 2 1 3 0 0 0 0 0 6960 10 96 3 20 6 30 3 56 078 1 29 025 2 Fon Union Formation 5 55 46E
691 2 0 4 2 2 2 3 0 0 0 0 0 6960 12 10 3 60 616 316 0 78 1.30 0 26 2 Fan Union Fonnalion 5 55 46E
692 2 2 4 2 2 2 2 0 0 0 0 0 67 00 14.60 4 60 600 242 0 66 129 026 2 Fon Umon Formation 3 95 45E
693 2 0 4 1 2 0 0 0 0 0 67 50 17 25 270 078 185 0 54 128 0 30 2 Fon Union Formation 3 95 45E
694 2 0 4 0 2 2 2 0 0 0 0 0 63 60 1160 4.70 2.10 1 92 0 61 1.29 036 3 Fort Union Foimalion 3 95 45E
696 2 0 4 2 2 1 2 0 0 0 0 0 70 30 1046 310 2 16 1 70 060 1 30 026 2 Fort Union Foimalion 8 85 47E
696 1 0 4 4 2 1 0 0 0 0 0 64 10 12 45 640 1.30 1.16 080 125 0 36 3 Fort Union Formation 8 85 47E
687 2 1 4 1 2 3 0 0 0 0 0 66 60 1686 4 30 646 264 0.72 129 0.27 2 Fort Union Formation 8 85 47E
698 2 1 4 2 2 3 3 0 0 0 0 0 43 70 I t  36 400 1366 4.35 081 130 026 2 Fort Union Formation 7 35 50E
699 3 0 4 2 2 2 3 0 0 0 0 0 48 60 13 76 3 70 896 4 23 061 1 31 028 3 Fort Umon Formation 2N 44E
700 3 0 4 2 2 2 3 0 0 0 0 0 56 30 1600 280 630 340 057 130 0 26 3 Fort Union Formation 29 2N 44E
701 3 0 4 1' 2 2 3 0 0 0 0 0 65 30 12 76 2 80 7 10 3 80 053 127 0 26 3 Fort Union Formation 29 2N 44E
702 3 1 4 1 2 3 3 0 0 0 0 0 48 00 13.20 3 20 756 4 16 060 128 021 3 Fort Union Fonnalion 29 2N 44E
703 2 0 4 1 2 2 3 0 0 0 2 0 56 to 18 to 340 4.10 2 53 067 1 30 028 1 Fort Union Formation 29 2N 44E
704 2 2 4 2 2 3 3 0 1 0 0 0 51 20 12 80 300 90S 4 37 078 1 29 023 3 Fort Union Formation 3 3N 44E
706 0 2 4 3 0 2 3 0 0 0 0 2 63 60 12.00 2*0 770 386 0 81 1.26 023 3 Fort Union Formation 3 3N 44E
706 2 2 4 2 2 3 3 0 0 0 0 0 6670 11.96 320 8 IS 365 078 1 24 0 24 3 Foil Union Formation 3 3N 44E
707 2 1 4 3 2 2 3 0 0 0 0 0 6780 12.70 3.40 5.76 3 28 072 1.25 0.30 3 Fort Union Formation 3 311 44E
708 3 1 4 2 2 2 4 0 0 0 0 0 60 00 1060 260 980 4 80 0 78 1 27 0 20 3 Fort Union Formation 3 3N 44E
709 2 0 4 2 2 2 4 0 0 0 0 0 so 00 12 90 280 886 4 74 0 61 1 27 025 3 Fort Union Formation 3 3N 44E
710 2 0 4 1 2 3 1 0 0 0 0 56 60 14.00 2 90 4*0 2 60 067 1 26 0 25 3 Fort Union Formation 3 3N 44E
711 2 2 4 1 2 3 3 2 0 0 0 0 61 00 1136 430 946 3 62 0.78 1 24 0 20 2 Fort Union Formation 7N 50E
712 2 2 4 1 2 2 0 0 0 0 0 62 70 11 16 3 60 330 2 26 066 127 0 20 2 Fort Union Foimalion 29 7N SOE
713 0 0 4 2 2 2 2 0 0 0 0 7360 875 2 30 096 0 76 0 61 1 26 025 2 Fort Union Formation 29 7tt 50E
714 0 0 4 2 2 3 0 0 0 0 46 SO 10 96 3 60 8 75 4 96 099 1 28 0 20 2 Fort Union Fonnalion 36 2iir 49E
715 0 0 4 2 2 3 2 0 0 0 0 S3 60 1200 3 20 5 85 3 76 090 1 30 0 20 2 Fort Union Foimalion 38 2tN 49E
716 2 1 4 1 2 1 3 2 0 0 0 0 62 20 1240 380 10 36 3 97 0 68 1 31 0 25 3 Fort Union Formation 38 2IN 49E
717 0 0 4 1 2 2 3 2 0 0 0 0 4900 970 340 8 45 4 96 081 1 26 0 20 2 Fort Union Formation 36 2IH 49E
718 0 1 4 1 1 2 3 1 0 0 0 0 4600 7.90 4 00 10 75 6 10 0 78 1 21 0 15 3 Fort Union Formation 36 21N 49E
719 2 0 4 2 2 1 0 0 0 0 0 66 90 11 50 420 5 75 3 47 0 88 1 26 0 20 3 Fort Union Formation 36 2 IN 49E
720 2 1 4 1 2 1 0 0 0 0 0 68 40 780 2 30 1 30 1.12 068 1 24 0 25 3 Fort Union Fonnalion 38 21N 49E
721 2 0 4 2 2 3 4 0 0 0 0 4500 1000 2.10 1105 4 86 066 1 26 020 3 Fort Union Formation 18 21H 46E
722 2 1 4 2 2 3 4 0 0 0 0 0 51 00 12 16 360 7 66 3 80 0 61 1 28 026 3 Fort Union Formation 16 21H 46E
723 2 1 2 3 4 0 0 0 0 0 62 20 1240 3 60 7 55 375 057 1 27 0 25 3 Fort Union Formation 18 2 IN 46E
724 2 0 4 1 2 2 3 0 0 0 0 0 44 70 1240 3 20 6 86 4 55 092 1 26 020 2 Fort Union Formation 16 16N 47E
726 2 0 4 2 2 3 3 2 0 0 0 0 44 80 12 90 3 30 10 95 3 50 0 68 1 28 020 2 Fort Union Formation 16 18N 47E
726 2 0 4 2 2 3 3 1 0 0 0 0 44 20 12 10 320 8 66 436 0 68 1.26 020 2 Fort Union Fonnalion 16 I8N 47E
727 2 0 4 3 0 3 3 0 0 0 0 0 44 80 1040 2 80 1006 4 34 0 88 1 23 020 2 Fort Union Formation te 18N 47É
128 2 1 4 2 2 1 2 0 0 0 0 0 50 70 18 70 406 300 2 39 0 74 2 40 0 66 2 Fort Union Formation {Tongua Rivsi mambaij t2 85 44E
729 4 1 3 1 4 0 0 0 0 0 66 10 1630 620 260 243 076 252 030 2 Fort Union Formation (Tonyua Rival mambei) 24 6 5 44E
730 3 3 4 1 2 2 0 0 0 0 0 67.30 12 60 3 70 4 55 3 10 0 84 1 86 0 30 3 Fort Union Foimalion (Tongua Rtvai mambai) 24 65 44Ë
731 2 2 4 2 2 I 2 0 2 0 0 0 66 30 12 80 3 60 4 05 3.00 096 2 10 036 3 Fort Union Formation (Tongue Rival mamtiai) 24 65 44E
732 3 1 4 2 3 1 2 0 0 0 0 0 64 20 1370 3 80 4 60 3 14 106 2 64 030 2 Fort Union Formation (Tongue River member) 24 8 5 44E
733 3 2 4 1 2 3 2 0 0 0 0 0 53 60 16 60 4 40 4 80 225 074 2 62 0 40 3 Fort Union Formation (Tongue River member) 30 8 S 44E
734 3 1 4 2 3 2 2 0 0 0 0 0 64 60 1440 360 3 35 267 0*4 288 036 2 Fort Union Formation (Tongue River member) 30 8 5 44E
735 2 1 4 2 2 2 2 2 0 0 0 0 63 10 14 30 270 506 3 32 0 96 1 98 040 3 Fort Union Foimalion (Tongue River member) 30 85 44E
736 3 1 4 2 2 2 3 0 .0 0 0 0 6380 13 60 3 60 4 70 310 0 83 2 28 036 3 Fort Union Formation (Tongue Rivci member) 30 8 5 44E
737 3 2 4 2 3 2 2 0 2 0 0 0 4960 14 80 3 06 430 3.10 0 88 258 040 3 Fort Union Formation (Tongue River member) 30 8 5 44E
738 3 2 4 1 3 2 2 0 0 0 0 0 62 20 14 75 4 86 3 46 2 07 0 88 276 040 3 Fort Union Formation (Tongue River member) 30 8 5 44E
739 3 0 4 1 1 3 2 0 0 0 2 2 58 90 1480 306 2 26 186 071 2 62 0 66 2 Fort Union Formation (Tongue River member) 30 85 44E
MUXNTE ttCCniE OLHNI2 lUJIi c t u iK  tn .a u re  o v p tu i u j ib u c c n iE MUOlkli *0» lawMfOt Ft <xo *|0 IOi UtutFtan* rrnumm lutce
740 0 0 4 0 2 0 2 0 0 0 0 3 63 30 16 to 260 1.60 1 88 0.76 276 0.45 1 Fort Union Fotmolion (Tonguo R iv tr mombofl 30 6S 446
741 3 0 4 1 2 2 3 0 0 0 0 0 8200 1300 225 330 252 0.66 2 34 035 3 Fort Union FoimaWin (Tonguo RivOf moinbor) 30 86 446
742 2 0 4 1 2 0 2 0 0 0 0 0 5810 13*0 340 200 2*2 056 246 050 3 Fort Union Fonnalion (Tonguo Rtvof m om bw | 30 6S 446
743 3 0 4 1 2 1 3 0 0 0 0 0 64 80 1320 270 365 24* 0.56 222 0.45 3 Fort Union Foimalion (Tonguo Rnrcr mombor) 30 SS 446
744 0 4 1 2 0 2 0 0 0 0 0 57*0 1680 315 1.80 217 0.58 2.70 OSS 3 Fort Union Fonnalion (Tonguo R ivoi m omboil 30 85 446
745 3 0 4 2 2 0 2 0 0 0 2 0 68 80 1240 305 105 1 36 0.56 2 10 0.40 4 Fort Union Foimalion (Tonguo Rivor momboi) 35 *S 436
748 3 0 4 1 2 0 0 0 0 0 0 0 64 80 14 10 3 IS 100 11* 061 230 070 3 Fort Union Foimalion (Tongue Rivar momboi) 35 9S 436
747 2 1 4  3 2 0 2 0 0 0 0 0 62 60 14.20 270 205 246 101 216 0.45 3 Fort Union Foimalion (Tonguo Rmor mombor) 35 8S 436
748 2 0 4 2 2 0 1 0 0 0 0 0 65 20 13*0 365 2*5 264 1.42 2 16 035 4 Fort Union Formation (Tonguo R ivoi mombor) 35 9S 436
74* 3 1 4  2 1 0 2 0 1 0 0 0 6120 1060 3 15 260 2.24 0*3 286 0 40 3 Fort Union Formation (Tonguo Rwor momboi) 31 a s 436
750 3 2 4 2 1 2 3 0 0 0 0 0 64.40 1360 250 2*0 2.67 1 12 1 74 0.45 3 Fort Union Formation (Tonguo Rivor mombor) 31 a s 436
751 3 0 4 1 3 1 2 0 0 0 0 0 54 50 1650 450 325 288 0*8 218 0 45 3 Fort Union Formabon (Tonguo Rmoi mombor) 31 a s 436
752 0 4 1 2 0 0 0 0 0 0 0 64 30 14.40 3.25 2.10 1.5* 078 2.56 060 3 Fort Umon Formation (Tonguo Rivor mombor) 31 a s 436
753 2 1 4  1 2 1 3 0 0 0 0 0 6500 1025 280 3 35 1.88 068 230 0 50 3 Fort Umon Formation (Tonguo Rivor momboi) 31 a s 436
754 3 0 4 1 0 3 3 0 0 0 0 0 62 30 650 2*0 6*5 185 0.63 202 0.40 3 Fort Union Foimalion (Tonguo River momboi) 31 a s 436
755 3 0 4 1 2 1 3 0 0 0 0 0 62 30 11.50 2*0 420 1*5 056 222 0 SO 3 Fort Union Foimalion (Tonguo River mombor) 31 a s 436
756 0 4 1 2 1 3 0 0 0 0 2 60 20 1245 370 3 25 228 050 1 82 060 3 Fort Union Formation (Tonguo Rivor momboi) 31 a s 436
757 3 0 4 2 2 1 2 0 0 0 0 0 60 20 1340 335 335 2 75 0.56 226 060 3 Fort Union Formation (Tonguo Rivor momboi) 34 7 s 396
75* 3 0 4 1 2 2 3 0 0 0 0 0 62 50 1125 335 4.30 282 0.57 226 OSS 3 Fort Union Formation (Tonguo Rrvor momboi) 34 7 S 396
75» 2 0 4 1 2 1 3 0 0 0 1 0 57 50 11 75 325 560 262 080 246 055 3 Fort Union Foimalion (Tonguo Roror momboi) 24 7 S 396
760 3 0 4 2 3 2 4 0 0 0 0 0 5560 10.70 425 750 3*4 0*0 252 0 50 3 Fort Union Formation (Tonguo Rrvor momboi) 16 6S 406
761 2 1 4  3 2 0 0 0 0 0 0 0 6360 1475 270 140 145 0*5 2*0 0 70 1 Fort Union Foimalion (Tonguo Rivor momboi) 18 6S 406
762 3 0 jl 2 2 1 3 0 0 0 0 0 50 80 1375 360 254 1*2 064 258 050 3 Fort Union Formation (Tonguo Rivor momboi) 16 a s 406
763 3 1 4  2 2 1 4 0 0 0 0 0 4*50 1055 4.70 7 40 3*5 066 240 0 55 3 Fort Union Formation (Tonguo Rrvor momboi) 16 6S 406
764 2 0 4 2 2 2 3 0 0 0 0 0 53 00 1325 4 35 620 373 0 8* 2*4 055 3 Fort Umon Formation (Tongue Rivor momboi) 16 a s 406
765 3 0 4 1 2 1 3 0 0 0 0 0 55 60 11.45 405 650 366 0*2 248 050 » Fort Union Formation (tonguo Rrvor momboi) 16 a s 406
766 3 0 4 2 3 2 2 0 1 0 0 0 55 60 1350 3*5 5.05 32* 0*8 2*4 050 3 Fort Union Foimafaon (Tonguo Rivor momboi) 33 7S 466
767 2 1 4  2 2 0 0 0 0 0 0 0 64 10 1260 3 05 1.75 1.34 0 74 220 060 4 Fort Umon Formation (Tonguo River mombor) 33 78 466
768 3 0 4 1 3 3 4 0 0 0 0 0 50.30 11.15 4 05 *85 3.69 084 272 045 3 Fort Union fo im a lio n  (Tonguo Rivor mombor) 7 a s 436
76* 3 1 4  2 2 3 4 0 0 0 0 0 52 20 •  40 3.05 1045 4.56 0.82 2.18 0.30 3 Fort Union Formation (Tonguo Rrvor momboi) 7 a s 436
770 2 0 4 1 2 2 3 0 0 0 0 0 50 00 11*5 315 •  65 427 076 25* 050 3 Fort Union Formation (Tonguo Rivor mombor) 7 a s 436
771 1 4  2 2 3 3 0 0 0 0 0 54.30 11 70 325 8.70 337 084 2*2 045 3 Fort Union Formation (Tonguo Rivor mombor) 7 a s 436
772 2 1 4  4 2 1 0  0 0 0 0 0 66 30 14.15 305 165 1 27 0.84 246 0 55 3 Fort Umon Formation (Tonguo Rivor mombor) 7 a s 436
773 3 0 4 2 2 3 2 0 0 0 0 0 62 70 11 80 325 4 30 232 090 250 050 3 fo r t  Union Formation (Tonguo Rrvor momtror) 7 a s 436
774 1 4  1 1 2 2 0 0 0 0 0 5*20 11 *5 350 625 157 084 230 0.50 3 Fort Union Formation (Tonguo Rrvor mombor) 22 7S 426
775 2 1 4 !•  0 2 0 0 0 0 0 0 60.30 1560 3.25 280 1.01 065 252 0.70 3 Fort Union For motion (Tonguo Rmor mombor) 32 7S 426
778 2 1 4  1 1 2 2 0 0 0 0 0 56.00 13.60 370 4 30 165 078 240 0 60 3 Fort Union Formation (Tonguo Rrvor mombor) 22 7S 426
777 2 1 4  2 1 1 2 0 0 0 0 0 61.20 1265 3.60 435 2.16 1.15 244 055 3 Fort Union Frwmation (Tonguo River mombor) 22 7S 426
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Numeric Results of Mineralogy Database Queries
Numbers are average classification values
Suitability Ë.Qf^amplgg Kaolin Smgctltg Quartz Feldspar Calcite lilite Dolomite Gypsum Chlorite
5 or 6 GOOD 64 2.80 0.45 3.95 0.98 0.58 2.47 0.23 0.00 0.25
4 or 5 208 2.29 0.64 3.92 1.43 1.25 2.86 0.71 0.11 0.68
3 or 4 POSSIBLE 327 2.03 0.83 3.85 1.73 1.36 2.62 1.07 0.18 0.64 U.Ul
2 or 3 352 1.73 1.22 3.73 1.88 1.41 2.17 117 0.21 0.45 0.02
1 or 2 POOR 289 1.19 1.80 3.42 1.76 1.34 1.71 0.89 0.28 0.42 0.05
Cor 1 214 0.64 2.32 3.03 1.76 0.83 1.38 0.40 0.34 0.49 0.07
0 NOT SUITABLE 97 0.48 2.48 2.97 2.06 0.65 1.58 0.23 0.31 0.61 0.07
These results were graphed in Figure 2.3.1
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D IG IT IZ A T IO N  O F DATA FRO M  T H E  M BM G REPO R TS
Data presented in the progress reports on the clays and shales o f Montana from MBMG was only available in hardcopy, 
I digitized pertinent information from the reports for the 777 samples collected. Data were digitized either through 
manual input or by scanning and subsequently transposing files with the aid of optical character recognition (OCR) 
software. I used a software program called Omni Page Limited Edition (v. 1995) for OCR. The accuracy o f the 
replication depended on the quality of the hardcopies. Given the large volume of data converted to digital form, I was 
not able to verify each and every piece o f data. I did, however, scan and spot-check the files for errors. Although I can 
not garauntee exact replication, based on my observations the data should contain a minimal amount o f error from 
digitization.
Conversion from Township/Range/Seciion to Latitude/Longitude coordinates
The MBMG Progress Reports on Clays and Shales o f Montana presented sample locations in the public land survey 
system. Unfortunately, this system is not a true coordinate system because it describes an area and not an exact point.
In order to be able to manipulate the localities in the GIS, I had to convert them to a coordinate system.
Martin Wefald developed a program to do such a conversion (TRS2LL) which is available over the internet from the 
URL http://www.crl ■com/'^wefald. His program converts legal locations to the corresponding latitude/longitude in the 
center o f the section in which the area is found. It does not take into consideration quarter section designations (e.g. 
SWVi KE'A N W ’A ) which many o f the samples lacked anyway.
Error in accuracy o f  the sample points compared to the localities from which a sample was actually collected is 
dependant upon several factors. The first consideration is the accuracy o f the data presented in the M BM G’s reports. 
There is also possibility that errors occurred in transfering the data into digital form. Wefald predicted an error o f  1/5 - 
l/IO mile in his algorithmic conversion to the center o f the section. Finally, since very few of the samples were 
collected from the exact center o f the section, up to an additional 7/10 mile (0.707) is possible for samples taken from 
the very comer o f a  section.
Proiection o f Points
Once the data points were converted to latitude/longitude coordinates, they had to be projected for use within a  2- 
dimensional application. The Excel spreadsheet with the coordinates was first imported into Arc Info. From there we 
generated and projected points using the following parameters:
Previous Defined Projection: geographic; NAD 27; decimal degrees; spheroid Clark 1866 
Standard Projection: Lambert; NAD 83; decimal degrees; spheroid GRS 1980
1“ standard parallel: 45 0 0.000 
2"  ̂standard parallel: 49 0 0.000 
Central meridian: -109 30 0.00 
Latitude o f projection origin: 44 15 0.000 
False easting: 600,000.00000 
False northing: 0.00000
SOURCE OF BASE-MAP INFORMATION
The GIS map consists o f  several layers or themes. Below is a list o f the digital source for those themes. '
General abréviations: NRIS -  Natural Resource Information System (http://nris.state.mt.us)
MBMG -  M ontana Bureau o f Mines and Geology (http://mbmgsun.mtech.edu)
MT Power -  Montana Power 
Theme: Railways: NRIS (http://nris.state.mt.us/gis/datalist.htm_l taken fall 1999)
Highways: NRIS (http://nris.state.mt.us/gis/datalist.htmj taken fall 1999)
State Boundary: NRIS (http://nris.state.mt.us/gis/datalist.html taken fall 1999)
Counties: NRIS (http://nris.state.mt.us/gis/datalist.html taken fall 1999)
Landfills: NRIS (http://nris.state.mt.us/gis/datalist.htmI data from 1996)
County Cities: NRIS (http://nris.state.mt.us/gis/datalist.html taken fall 1999)
Natural Gas Pipelines: Provided by MT Power -  Schematic diagram originally drawn by Jim Davis 
(05/17/1989) and digitized by Geoff Gilbert (2000). NOTE: This layer is for 
REFERENCE ONLY!! There is little confidence in the spatial accuracy of this data 
mainly because o f the scale o f digitization and lack o f knowledge o f projection details.
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Sample Descriptions
r Color
1 Sample Matenal Material Name Type (channel, outcrop, floal) Represented Thickness (cm) Color Name Munsell Notation
T-1 Rock Rhyolite Float n/a
T-2 Rock Rhyoiite Float n/a
T-3 Rock Rhyolite Outcrop n/a
T-4 Rock Rhyolite Float n/a
T-5 Rock Rhyolite Floal n/a
T-6 Rock Rhyolite Float n/a
T-7 Rock Rhyolite Float n/a
T-8 Rock Rhyolite Float n/a
T-9 Rock Rhyoiite Float n/a
T-10 Rock Rhyolite Outcrop n/a
T-11 Rock Rhyolite Float n/a
T-12 Rock Rhyolite Float n/a
T-13 Rock Rhyolite Outcrop n/a
T-14 Sediment Silty d ay Channel 40 very pale brown 10YR 7 5/3
T-15 Sediment Silty clay Channel 65 very pale brown 10YR 7/4
T-16 Sediment Silty day Channel 10 grayish brown 10YR 5/2
T-17 Sediment Silt Channel 60 grayish brown 10YR 5/2
T-18 Sediment Fine grained sand Channel 40 very pale brown 10YR 7.5/3
T-19 Sediment Silty d ay Channel 30 light gray 10YR 7/2
T-20 Sediment Sandy gravel Channel 100 yellow 10YR 7.5/6
T-21 Sediment Fine grained sand Channel 110 light gray 2.SY 7/2
T-22 Sediment Clayey sand Channel 40 pale yellow 2.5Y8/3
T-23 Sediment Silt Channel 30 light gray 10YR 7,5/1
T-24 Sediment Silty sand Channel 100 pale yellow/white 2.SY 7.5/3
T-25 Sediment Silt Channel 30 pale yellow 2.5Y 7.5/4
T-26 Sediment Fine grained sand Channel 65 pale yellow/white 2.5Y8/3
T-27 Sediment Silt Channel 15 pale yellow 2.5Y 8/4
T-28 Sediment Silt Channel 40 light grayAwhite 2.5Y 7.5/2
T-29 Sediment Sandy gravel Channel 55 very pale brown 10YR8O
T-30 Rock Rhyolite Float n/a
T-31 Rock Pebble Conglomerate Float n/a
T-32 Sediment Silty sand Channel 15 light gray 2.5Y 7/2
T-33 Sediment Silt Channel 15 pale yellow/yellow 2.5Y 8/5
T-34 Sediment Fine grained sand Channel 30 while 2.SY8Q
T-35 Sediment Silty sand Channel 45 light yellowish brown 10YR 6.5/4
T-36 Sediment Silty sand Channel 40 light yellowish brown 10YR 6.5/4
T-37 Sediment Silty sand Channel SO pale yellow/white 2.5Y 8/3
T-38 Sediment Silty sand Channel 50 light grayAwhite 2.5Y 7.5/2
T-39 Sediment Silty d ay Channel 6 light gray 10YR 7.5/2
T-40 Sediment Silty sand Channel 60 tight gray 2.5Y 7.5/2
T-41 Rock Iron concretion Channel 8 dark yellowish brown 10YR 4/6
T-42 Sediment Silly sand Channel 15 pale yellow/light gray 2.5Y 7.5/3
T-43 Sedim ent Fine grained sand Channel 40 pate yellow 2.5Y8/3
T-44 Sediment Silt Channel 120 light gray 2.SY 7.5/2
T-45 Sediment Silty sand Channel 80 light gray 2.5Y 7.5/2
T-46 Sediment Silt Channel 75 white4ight gray 2.5Y8/2
T-47 Sediment Fine grained sand Channel 30 very pale brown 10YR 7.5/4
Tcompl Sediment n/a
TB-1 (TestBrick 1) Sediment n/a
Composite
Grab
composite 14-29 A 32-47
Four 10-kp grab samples 
from base of pit
8 6
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Geophysical Results
Oipoie/Oipole Electrical Resistivity Survey 
Line 1. beanng of 17 degrees 
30 meter spacing
Topographic Correction
Tx Rx 1 (current) V Resistivity M (chargeability) X Y Resistivity X Y Resistivity
5-6 3-4 639.0 57 7 50.7 4.8 1 15 -15 50.7 15 1741 50,7
5-7 641.6 10.0 35.3 4.6 2 30 -30 35 3 30 1726 353
7-8 641 0 2.5 22.4 2.9 3 45 -45 22.4 45 1711 22.4
a-9
4-5
642.2 1.2 21 4 4 60 -60 21.4 45 1741 47.2
6-7 1107.6 92.4 472 5.2 1 45 -IS 47 2 60 1696 21 4
7-8 1068.0 13.0 27 7 5.4 2 60 -30 27.7 60 1726 27.7
8-9 1189.5 5.5 266 4 2 3 75 -45 26 6 75 1711 26.6
9-10 824.2 5.5 767 4 2 4 90 -60 76 7 75 1741 32.4
7-8 5-6 1080.2 61.8 32.4 4.0 1 75 -15 324 90 1699 76.7
8-9 12.1 16.9 31.6 4.2 2 90 -30 31 6 90 1729 31.6
9-10 1131.0 5.4 27.4 3.8 3 105 -15 274 105 1717 27 4
10-11
6-7
167.0 3.1 33.4 2.7 4 120 -60 33.4 105 1747 804
8-9 1205.0 171.0 80.4 2.6 1 105 -15 80.4 120 1705 33.4
9-10 1101.0 35.0 72.8 3.4 2 120 -30 72.8 120 1735 72.0
10-11 964.0 14.0 84.0 3.9 3 135 -45 84.0 135 1723 04
11-12 603.0 3.5 67.1 5.3 4 150 •60 67 1 135 1753 71
9-10 7-8 1185.0 148.0 71 0 12 1 135 -15 71.0 150 1711 67.1
10-11 1131.0 40.0 80.5 1.6 2 150 -30 80.5 150 1741 80.5
11-12 761.0 8.3 61.8 1.2 3 165 -45 61 8 165 1729 61.8
12-13 636.0 2.6 46.8 3.8 4 180 -60 46.8 165 1759 56.2
10-11 8-9 1146.0 113.0 56.2 1.0 1 165 -15 56.2 180 1717 46 8
11-12 77.0 15.0 44.2 1.2 2 180 -30 442 180 1747 44 2
12-13 631.0 3.8 342 5.2 3 195 -45 34.2 195 1735 34.2
13-14 734.0 1.8 28.9 0.3 4 210 -60 28.9 195 1765 33.8
11-12 9-10 774.0 46.0 33.8 1.4 1 195 -15 33 8 210 1720 28.9
12-13 635.0 7.9 28 3 1.0 2 210 -30 28.3 210 1750 28.3
13-14 753.0 3.3 25.4 1.0 3 225 -45 25.4 225 1739 25 4
14-15 156.0 0.3 240 2.9 4 240 -60 24.0 225 1769 43.5
12-13 10-11 638.0 4 9 0 435 1.6 1 225 -15 43.5 240 1727 24
13-14 764.0 13.0 38.9 1.2 2 240 -30 38 9 240 1757 38.9
14-15 151.0 0.9 35.7 3 255 -45 35.7 255 1745 35.7
15-16 4 270 -60 255 1775 30.6
13-14 11-12 775.0 41.0 30.6 1.1 1 255 -IS 306 270 1733
14-15 153.0 2.1 32.4 2.5 2 270 -30 32.4 270 1763 32.4
15-16 140.0 1.0 42,1 7.6 3 285 -45 42,1 270 1733 42.1
16-17 371.0 • 1.3 38.8 0.1 4 300 -60
0
38.8 285
285
1751 42.1 
1751 41.2
13-14 15-16 771.0 36.0 26.5 1.4 1 315 •15 26.5 300 1739 38 8
12-13 586.0 7.2 27.9 1.4 2 300 -30 27.9 300 1769 27.9
11-12 690.0 5.0 41.2 1.4 3 285 -15 41 2 300 1739 37 9
10-11 1108.0 4.1 42.1 2.0 4 270 -60 42.1 315 1787 26.5
14-15 16-17 100.0 4.0 23.0 2.6 1 345 -IS 23.0 315 1757 27.6
13-14 764 7 8.3 24.5 1.5 2 330 -30 24,5 330 1775 24.5
12-13 581,0 2.8 276 1.3 3 315 -IS 276 330 1745 26
11-12 686.7 2.2 37.9 2.6 4 300 -60 37 9 345 1793 23
15-16 17-18 91.3 5.5 34.7 2.5 1 375 -15 34 7 345 1763 23
14-15 100.0 0.9 20.5 0.2 2 360 -30 20.5 360 1781 20 5
13-14 764.0 3.1 23.0 0.9 3 345 -45 23.0 360 1751 30.8
12-13 578.5 1.3 26.0 0 2 4 330 -60 26.0 375 1799 34 7
16-17 18-19 366.6 30.1 46.5 1.5 1 405 -15 46.5 375 1769 26.4
15-16 89.0 1.5 39 2 5.2 2 390 -30 39.2 390 1789 39.2
14-15 96.8 0.5 26.4 2.3 3 375 -45 26 4 390 1759 28.6
13-14 755.0 2.0 30.8 2.8 4 360 -60 30.8 405 1808 46.5
17-18 19-20 243.0 50.0 1175 0.9 1 435 -15 117.5 405 1778 37.4
16-17 362.0 6.5 40.9 0.7 2 420 -30 40.9 420 1799 40.»
15-16 391.0 2.6 37.4 3 405 -45 37.4 420 1769 33.8
14-15 553.0 1.4 28.6 1.1 4 390 -60 28.6 435 1814 1175
18-19 20-21 185.0 57.0 174.9 1.1 1 465 -15 174.9 435 1784 32.9
17-18 242.0 6.2 58.6 0 9 2 450 -30 58.6 450 1799 58.6
16-17 358.0 2.9 32.9 2.4 3 435 -45 32.9 450 1769 19.8
15-16 395.0 1.1 33.8 6.6 4 420 -60 33.8 465 1814 174,9
19-20 21-22 200.0 40.0 113.0 2.0 1 495 -15 113,0 465 1784 25
18-19 186.0 6.5 79.9 1.2 2 480 -30 79.9 400 1799 79 9
17-18 241.0 1.0 25.0 6.0 3 465 -45 25.0 495 1814 113
16-17 351.0 0.6 19.8 4 450 -60 19.8
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The following page is taken verbatim from the Malvern Instruments Mastersizer 2000 Operators Guide;
“Scientists have for centuries tried to predict the way particles scatter and absorb light. There are many 
theories and models that the modem particle size analyst can use. One o f the simplest theories used is the 
Fraunhofer model. This model can predict the scattering pattern that is created when a solid, opaque disc, 
o f  a known size is passed through a laser beam. This model is satisfactory for some particles but it does not 
describe the scattering exactly. Very few particles are disc shaped and most particles are transparent. The 
accepted theory which accurately predicts the light scattering behavior of all materials under all conditions 
is known as the Mie theory. Mie theory was developed to predict the way light is scattered by spherical 
particles and deals with the way light passes through, or is adsorbed by, the particle. This theory is more 
accurate, but it does assume that you know some specific information about your particle, such as its 
refractive index and its absorption.
The key point about these theories is that if you know the size of the particle and other details about its 
structure, you can accurately predict the way it will scatter light. Each size o f particle will have its own 
characteristic scattering pattern, like a fingerprint, that is unlike any other size o f  particle. So how does the 
M astersizer measure the size o f particles? The Mastersizer works backward from the above theories by 
using the optical unit to capture the actual scattering pattern from a field o f particles. Then, using the 
theories described above, it can calculate the size o f particles that created that pattern.
There are three distinct procedures involved in measuring a sample on the Mastersizer.
•  Firstly, the sample is prepared and dispersed to the correct concentration and then delivered to the 
optical unit. This is the purpose o f the sample dispersion accessories. Sample preparation is the most 
important state o f making a measurement- It should be remembered that, if  your sample is poorly 
prepared (i.e. being unrepresentative or badly dispersed) then your basic data will be incorrect -  no 
amount o f  analysis o f this data will give you a correct answer.
•  Secondly, there is the capturing o f the scattering pattern from the prepared sample -  this is known as 
the “measurement”. This is the function o f the optical unit. The detector array within the optical unit 
is made up o f  many individual detectors. Each detector will collect the light scattering from a 
particular range o f angles. The detector array takes a “snap-shot” o f the scattering pattern. Obviously 
this snap-shot will only capture the scattering pattern from the particles that are passing through the 
analyzer beam at that particular time. Taking only one snap-shot may not give you a representative 
reading o f the scattering pattern. To overcome this, the Mastersizer takes many snap-shots (known as 
snaps) and averages the result. Typically over 2000 snaps are made for each measurement, with each 
snap taking 1 ms.
•  Finally, once the measurement is complete, the raw data contained in the measurement can be analyzed
by the Malvern software using one o f the theories mentioned above.”
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